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Abstract
The commute to school is recognized as a daily activity with high potential for influencing
children’s health behaviours and outcomes. While the impact of commute mode on children’s
health has been extensively researched, the influence of commute duration remains relatively
unexplored. This thesis uses binary logistic regression and multiple linear regression analysis of
a cross-sectional sample to determine how active and inactive commute to school duration
impacts children’s physical activity level and bodyweight status in urban, small town and rural
environments in Southwestern Ontario.
It is found here that longer active commute duration is associated with greater average levels of
physical activity, but not greater rates of overweight or obesity. It is also found that longer
inactive commute duration is associated with lower rates of overweight or obesity, despite a lack
of significant difference in physical activity level. Data suggests that differences in home food
environment may play a role.
The built environment is shown to play little to no role in children’s health outcomes once
commute mode is accounted for. In addition, contrary to other studies, results show that children
living in small to medium population centres, rather than in rural areas, are more likely to be
overweight or obese.
This thesis contributes the first study on the effects of children’s inactive commute duration on
physical activity level and obesity, and one of the few on the effects of children’s active
commute duration on physical activity level and obesity. Methodologically, the strengths of this
study include the utilization of researcher-measured BMI as well as GPS and accelerometry to
capture precise commute duration, bodyweight status and physical activity level. This study also
includes controls for a large number of known confounders at the individual and neighbourhood
level.
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Chapter 1

1

Introduction

1.1 Research Context
Nearly one-third of Canadian children are overweight or obese (Roberts et al, 2012), which can
lead to many health problems later in life, such as asthma, hypertension, insulin resistance, Type
2 diabetes, pulmonary diseases, and poor emotional and social well-being (Fennoy, 2010; Singh
et al, 2008; Reilly et al, 2003; Figueroa-Colon et al, 1997; Figueroa-Munoz et al, 2001; Biddle et
al, 2004). Accompanying these health problems is an ever-increasing burden on the health care
system: obesity directly or indirectly costs the Canadian public health care system $11 billion
annually, as of 2006 (Anis et al, 2009).
Research suggests that obesity results in part from an individual’s engagement with their built
environment (Ewing et al, 2003; Frank et al, 2004; Lopez, 2004; Saelens et al, 2003), which is
the part of the physical environment that is constructed for humans’ daily needs and activities
(Roof & Oleru, 2008). The built environment can either impede or facilitate obesity-related
behaviours such as physical activity (PA) and healthy eating (McCormack et al, 2004; Humpel et
al, 2002; Handy et al, 2002; Owen et al, 2004; Jackson, 2003; Jackson and Kochtitzky, 2001;
Frumkin, 2002; Janssen et al, 2005; Forsyth et al, 1994; Shohaimi et al, 2004; Cummins et al,
2006; Turrell et al, 2009; Li et al, 2009). An understanding of the impact of the built
environment on health is an important precursor to creating and implementing “upstream”
interventions that target population health (Sallis et al, 2006; Renalds et al, 2010).
The choice to actively travel (e.g. walk, cycle) to school is an example of a behaviour that is
influenced by the built environment (Larsen et al, 2009; Larsen et al, 2012; McMillan, 2007).
Active travel has been shown to improve children’s levels of daily physical activity and thus help
prevent obesity (Davison et al, 2008; Panter, 2010). The majority of the literature about school
transportation effects on health-related behaviours and outcomes compares active and inactive
modes of travel to school (Larouche et al, 2014; Lubans et al, 2011; Faulkner et al, 2009). A
small number of studies also examine the impact of duration of the active commute on health-
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related outcomes (Itoi et al, 2012; Landsberg et al, 2008; Silva & Lopes, 2008; Heelan et al,
2005).
However, the prevailing practice of building neighbourhoods at low-densities with segregated
land uses (referred to as “urban sprawl”) has increased the average distance to school
significantly over the past 50 years (McDonald, 2005; McDonald, 2008). Low-density built
environments encourage school consolidation and busing as a transportation solution (Howley,
2001). As a result, busing is now necessary for an estimated 45% of children in Canada (Pabayo
& Gauvin, 2008). Over 820 000 children –a little over 49% of children in publicly-funded
schools –are bused or driven to or from school in Ontario (OSBA, 2014; OMOE 2013).
Although researchers are pursuing a better understanding of how pedestrian-friendly
neighbourhood design can encourage active travel, distance remains the paramount predictor of
inactive travel (McMillan, 2007; McDonald, 2008; Schlossberg et al, 2006; Mitra et al, 2012;
Wong et al, 2011). In addition, active travel researchers rarely, if ever, address the situation of
rural children or children attending schools with specialized programs (e.g. charter schools or
minority language schools), who require motorized transportation to school. Given that inactive
commuting is, to some degree, a permanent part of the life of many Canadian children, the
situation of children using inactive modes of travel to school deserves attention.
Very little literature exists on the effect of a lengthy inactive commute on children’s health and
well-being. Yet, there are several lines of research among adult populations that suggest a
possible link between inactive commute time, physical activity (PA) and obesity. Time spent
sitting negatively impacts health, regardless of PA level (Bucksch & Schlicht, 2014). Length of
inactive commute in adults is known to correlate with higher body weight and body mass index
(BMI) (Zhang et al, 2014; Sugiyama et al, 2013; Hoehner et al, 2012), even when measures of
urban sprawl are accounted for (Frank et al, 2004; Zhang et al, 2014). Longer inactive commutes
for adults also decreases time for health-promoting activities such as PA and sleep (Frank et al,
2004; Christian, 2012; Yang & French, 2013), and increases stress levels (Koslowsky et al 1995;
Sposato et al, 2012).
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Despite the existing state of knowledge, the relationship between inactive commute duration to
school and childhood obesity and PA has yet to be explored. This thesis aims to begin closing
that gap.

1.2 Conceptual Framework
This thesis uses an ecological model of health to conceptualize relationships among commute
time, built form, and health behaviours and outcomes. The guiding principle of this model is that
health behaviours and outcomes are the result of influences at multiple levels, ranging from the
intrapersonal (e.g. genetic makeup, psychology) to the environment (e.g. built environment,
natural environment) and policy (Sallis et al, 2006). Factors at a given level have an impact on
factors on other levels, and vice versa (as illustrated by the red arrows in Figure 1). The
ecological model shows how an individual’s environment can act as a barrier and/or facilitator to
health-related behaviours (Sallis et al, 2006; Stokols, 1992).
An ecological model of health was chosen for this thesis, in part, because it supports study
outcomes that more easily inform “upstream” (i.e. policy level) interventions which target causes
of unhealthy behaviours that influence populations rather than individuals (Sallis et al, 2006).
The removal of upstream barriers is considered necessary for the success of interventions
working downstream, at the individual level (van Loon & Frank, 2011).
The ecological model of health was also chosen because it allows for the recognition of
individual and family lifestyle, perceptual, environmental and policy factors that all modulate the
relationship between commuting and health-related outcomes. The reasons for commuting long
distances lie in part in the policy environment, part in the built environment and part in the
interpersonal sphere. All of these factors help construct the world in which commuting long
distances to school is not only a necessity, but a result of preferences and compromises made by
families, school boards and Ministry of Education officials (see Figure 1).
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Figure 1 - Ecological Framework as it Pertains to Commuting to School (Adapted
from Fitzgerald & Spaccarotella, 2009)
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As in the rest of Canada, a significant proportion of children in Southwestern Ontario live in
rural settings, where population is of sufficiently low-density to require busing to school and,
often, long distance bus routes. School board catchment areas vary significantly in size due, in
part, to variable population densities across space. In addition, student enrolment numbers and
geographic distributions of school-age children constantly fluctuate according to demographic
and economic factors. The variability of maximum busing times between school boards (STS,
n.d; Francobus, n.d.) ought to be understood within this context. School boards in rural areas,
with larger catchment areas and lower population densities within those catchment areas have
higher proportions of children experiencing long bus rides (Howley, 2000).
At the policy level, there is a clear financial incentive to minimize the number of schools and the
number of buses running for a given school. Determining the number of schools necessary and
optimal within a board’s jurisdiction is considered the responsibility of local school boards, but
in practice is severely constrained by the funding formula set out by the Province (Irwin, 2010).
Although this funding formula now accounts to some degree for the low-density of students in
rural areas and the realities of declining enrolment in some areas, it still determines the level of
funding for a school board primarily according to student enrolment (People for Education,
2013).
Funding issues thus reduce the viability of neighbourhood schools in areas with low population
densities, areas where demographic shifts reduce the number of young families in an area or
where school boards are specialized (e.g. private schools, French language schools and Catholic
schools). Such school boards experience great pressures for school consolidation and
centralization to best adapt to the financial realities imposed by the province. The introduction of
busing and lengthening bus routes are strategies that trade monetary savings for children’s time,
something usually not accorded any value (Witham, 1997; Fox 1996). This may be in part
because of the lack of knowledge about any negative effects of that increased commuting
burden.
In addition to the built environment and policy environment, there are lifestyle and family
considerations that impact the choice to bus long distances/times. Many children in urban,
suburban or rural areas in Southwestern Ontario choose (or their parents choose on their behalf)
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to commute great lengths to attend a school better equipped for learning or physical disabilities, a
specialty curriculum, a Catholic school or a French first language environment. Cultural,
religious or lifestyle reasons, ambitions for a child’s particular talents, hoping to support a child
in need of remedial help or any combination of the above reasons could compel such a decision.
Regardless of the cause, a decision to attend any specialized institution frequently places the
child in a situation of greater busing burden.
The ecological model allows for the conceptualization of commute duration as a complex and
usually unconscious negotiation between all these levels of factors. It also recognizes that health
outcomes are similarly generated by factors occurring at multiple levels. In order to best account
for the impact of commute duration on outcomes, the inclusion of other relevant independent
variables occurring at the individual, behavioural, interpersonal and neighbourhood levels is
necessary to avoid inferring spurious relationships.

1.3 Research Objectives and Questions
The overall objective of this research is to contribute to our understanding of how commuting to
school can affect children’s health and well-being. More specifically, this study aims to
determine how the duration of the inactive commute to school impacts children’s physical
activity level and overweight status. This greater understanding is necessary to help inform
decisions about school catchment area sizes and busing practices made by relevant policy- and
decision-makers. It is also helpful to parents considering the benefits and costs of specialized
education programs.
To meet these objectives, this thesis aims to answer the following research questions:
1. How is duration of the inactive commute to school associated with children’s physical
activity level?
2. How is duration of the inactive commute to school associated with children’s bodyweight
status?
This thesis also seeks to answer the following secondary research questions:
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3. How is duration of the active commute to school associated with children’s physical
activity level?
4. How is duration of the active commute to school associated with children’s bodyweight
status?
This study answers these questions by linking commute duration to the PA level and bodyweight
status of a sample of elementary school children within Southwestern Ontario. Active and
inactive commuters will be separated to determine whether mode moderates the impact of
duration. To get as accurate a picture as possible of the relationship, this research uses a number
of objective tools to gather data about commute duration, PA level and bodyweight status,
including: geographic information systems (GIS); Global Positioning System (GPS) data
loggers; accelerometers; activity diaries; and surveys.
As shown in Figure 1, the reasons for commuting long distances lie in part in the policy
environment, part in the built environment and part in the interpersonal sphere. The
consequences and adaptations to commuting long distances to school, however, occur most
obviously in the intrapersonal or behavioural sphere. The hypotheses of this thesis are that
lengthy inactive commuting to school decreases PA and increases risk for childhood obesity. To
avoid confounding variables creating spurious relationships or masking real relationships, this
study’s statistical analysis includes several variables known to influence PA and bodyweight
status occurring in the intrapersonal, behavioural, interpersonal and neighbourhood environment
spheres.
This is, to the author’s knowledge, the first study that has examined the effects of inactive
commute duration as it relates to specific child health outcomes (i.e. obesity and PA levels). It is
also the largest study on childhood inactive commuting using objective measures (e.g. GPS data
loggers, accelerometers, age-adjusted BMI) in conjunction with the more typical self-reported
survey and time-use diary. Finally, it is also distinctive in that the study sample includes children
in urban, suburban, small town, and rural settings. Often, similar studies focus exclusively on
children in urban settings (Coghill, 2013; Zhang et al, 2014), which ignores the fact that the
association of the built environment with health outcomes can be sensitive to level of
urbanization (Joshu et al, 2008; Wang et al, 2013).
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1.4 Thesis Format
This thesis is presented in a monograph format. The subsequent chapters will proceed as
described below:
Chapter 2 reviews existing literature demonstrating the relationship between commute duration
and health outcomes. This summary identifies gaps in the current body of knowledge that
justifies the need for further research. It also discusses the theoretical models that have been used
in the past to explain why commuting may impact PA and obesity.
Chapter 3 discusses the study design, including details about data collection and management.
Variables chosen from the available data are described, and where applicable their method of
calculation is clarified. Following this, data analysis procedures undertaken are explained.
Chapter 4 presents sample characteristics and the results of bivariate and regression analyses
geared at answering and addressing each of the research questions. Chapter 5 identifies and
discusses themes in the results. It relates new findings back to the reviewed literature, placing
them within context of existing knowledge and suggests how the new findings confirm or alter
the existing knowledge base. Chapter 5 concludes with a discussion of the policy implications,
suggested future research directions, and methodological strengths and limitations of the
research.
The data collected for this thesis was gathered as part of the Spatial Temporal Environment and
Activity Monitoring (STEAM) project, a research programme designed to examine possible
causal links between the built environment and children’s health outcomes in Southwestern
Ontario. The STEAM project has ethics approval from the Non-Medical Research Ethics Board
of Western University (See Appendix A), as well as ethics approval from all associated school
boards and private schools for the study.
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Chapter 2

2

Literature Review

This review was undertaken to find existing empirical literature on the relationship between
inactive commuting duration and health outcomes such as children’s physical activity (PA) and
overweight status. In addition, the review aims to briefly outline what is known about the impact
of active commute duration on PA and overweight status, and the effect of mode of commute on
those outcomes. In evaluating these studies, a greater understanding of the possible relationship
between inactive commuting and physical health should emerge.

2.1 Review Strategy
There is limited literature about the impact of duration of commute, active or inactive, on PA and
risk for obesity. The vast majority of research on this topic focuses on the effect of mode, in
particular active versus inactive modes of travel (Larouche et al, 2014; Lubans et al, 2011;
Faulkner et al, 2009). For this reason, this review is divided into three sections, each researched
and presented with a different degree of detail as warranted by the research questions in section
1.3.
The first section discusses the well-known effect of mode of travel on PA and overweight status.
It briefly outlines how active travelers differ as a group from inactive travelers, and what factors
lead to active travelers being active (and vice-versa). The second section discusses the effect of
commute duration on PA and overweight status in active travelers. The third section reviews
existing evidence of the effect of commute duration on PA and overweight status in inactive
travelers.
There is limited existing literature on the impact of inactive commute duration on childhood
health, and nothing on its impact on the health outcomes of interest in this thesis. To better flesh
out the third part of this review, two separate searches were undertaken. The first half of the
review examines the effect of inactive commuting duration on adult overweight status and PA.
The second half looks at the effect of inactive commute duration on other aspects of childhood
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health. Since obesity, the first of the two outcomes of interest, is a chronic condition with a
number of physical and psychosocial determinants (Finegood et al, 2010), the portion of the
review focusing on children’s health outcomes will include all health outcomes, physical and
psychosocial.
A systematic search for studies was undertaken to find literature pertaining to the second and
third subsections of this chapter. Eligibility criteria limited the review to studies that were
primary research; took place within the context of an industrialised country; were written in
English, French, or had a translation available in English or French; and were published in a
peer-reviewed journal.
As the topic area bridges many fields, in particular in the section dealing with children’s health
outcomes, a variety of databases (Scopus, GEOBASE, Pubmed, Academic Search Complete,
PsychINFO, Sociological Abstracts, Child Development & Adolescent Studies and ERIC) were
searched to ensure no key publications were missed. In addition, Proquest’s Dissertations and
Theses database was scanned for relevant dissertations.
Table 1 shows the key terms used in each of the three searches used to scan the selected
databases. It should be noted that articles on inactive commuting in adults were restricted to
commute occurring within a day, as long distance commuting involving overnight stays is
beyond the scope of this research. Following the initial database search, reference lists of
relevant articles and theses were searched for additional sources missed by the database searches.
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Table 1 - Systematic Search Terms for Relevant Literature in Subsections 2.3 and 2.4

Population
Subtype

Mechanism
of Interest

Health
Outcomes
of Interest

Search 1:
Active Commute Duration
& Overweight Status / PA

Search 2:
Inactive Commute
Duration &
Overweight Status /
PA (Adults)

Search 3:
Inactive Commute
Duration & General
Health (Children)

N/A

adults

child* OR youth OR
student

commut* OR “travel
to work” OR
“journey to work”
OR "ride to work"

commut* OR bus* OR
“ride to school” OR
“travel to school” OR
“journey to school”

commut* OR bus* OR “ride
to school” OR “travel to
school” OR “journey to
school” OR "journey to
work" OR "ride to work"
OR "travel to work"

"physical activity" OR
obes* OR overweight

"physical activity" OR
obes* OR
overweight

obes* OR overweight OR
“physical activity” OR
“food access” OR “diet
quality” OR stress OR
depression OR anxiety OR
well‐being OR “sense of
place” OR social*

2.2 Active vs. Sedentary commuters
The majority of children’s health-related commuting literature focuses on active commuting (eg.
walking, cycling) to school. In this literature, it is the effect of mode (active vs. inactive) that is
of primary interest, rather than distance or time of commute. In other words, these studies
compare active travellers with inactive travellers (Davison et al, 2008; Lee et al, 2008).
Previous research suggests that students who walk or bike to school tend to have higher levels of
daily PA and better cardiovascular fitness than children who commute inactively (Rosenberg et
al, 2006; Davison et al, 2008; Tudor-Locke et al 2001; Ogilvie et al 2007; Sirard et al 2005;
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Alexander et al, 2005; Cooper et al, 2003; Cooper et al, 2005; Fulton et al, 2005; Saksvig et al,
2007; Lubans et al, 2011; Cooper et al, 2010; Faulkner et al, 2009). Studies using accelerometers
to measure PA throughout the day have shown that the commute to school does not solely
account for the difference in PA; children actively commuting to school are also more active
after school and throughout the evening (Cooper et al, 2003). The majority of studies looking at
PA differences between active and inactive commuters are cross-sectional in design, and thus
unable to distinguish whether active travel to school is a cause of increased PA in children or a
simple effect of an active lifestyle (Lee et al, 2008; Faulkner et al, 2009).
Most studies also identify that active travellers are usually less likely to be obese or overweight
than their inactive counterparts (Sallis & Glanz, 2006; Heelan et al, 2005; Pabayo et al, 2010).
However, the association is inconsistently reported: in some studies active commuting and
bodyweight status are not related (Faulkner et al, 2009; Ford et al, 2007; Lee et al, 2008) or even
inversely related (Gordon-Larsen et al, 2005; Rosenberg et al, 2006). One systematic review
estimated that only 55% of studies show significant associations between active travel and
bodyweight status (Lubans et al, 2011), suggesting that the associations could be context-specific
or moderated by other factors.
Despite growing awareness of the benefits of active travel for children’s health, rates of active
travel to school have declined dramatically in recent decades (McDonald, 2005; McMillan,
2007). Approximately 49% of children in Ontario’s publicly-funded schools are now bused or
driven (OSBA, 2014; OMOE 2013). In the Greater Toronto Area, rates of active transportation
to and from school have declined from 53% to 42.5% for 11-13 year olds, and 38.6% to 30.7 for
14-15 year olds in the 20 year period between 1986 and 2006 (Buliung et al, 2009).
Many factors influence the decision to travel actively to school. Individual characteristics which
have been shown to be important include gender, socio-economic background, and ethnicity
(Davison et al, 2008). Parental perceptions of neighbourhood safety and normality of active
travel are commonly reported social environmental influences of active travel. Still, the most
consistently reported reason for inactively commuting is distance to school (Timperio et al, 2006;
McDonald, 2007; Davison et al, 2008). This reflects school site choice and characteristics of the
built form in sprawling or rural areas. Built environment features also have been found to
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influence travel mode type, such as the presence of busy roads en route to school (Timperio et al,
2006); mixed land-uses in the neighbourhood (McMillan, 2007; Ding et al, 2011); greater
amount of residential land use (Su et al, 2013; Larsen et al, 2009); neighbourhood population
density (Davison et al, 2008); and urbanicity (Davison et al, 2008).
Because the two subsamples examined in this thesis (active, inactive) differ on more factors than
their mode of travel to school, it is vital to include and control for these characteristics in
statistical analysis. Otherwise an incorrect association, caused by differences in individual or
neighbourhood level characteristics, could be reported.

2.3 Active Travel Duration’s Effect on Overweight Status and
Physical Activity
Only a few studies have examined how rates of obesity or levels of PA are impacted by duration
or distance of the active commute. Usually, these studies examine duration as an aside; their
primary goal has usually been to examine the impact of mode. This might be explained by the
relatively low variation in commute duration in active travellers. Busing eligibility is usually set
at a relatively low distance from school. For instance, in the four boards under study in this
thesis, busing is available for children living 1.6km from school or more (STS, n.d.; Francobus,
n.d.). So even if a child actively commutes the full 1.6km, the overall time duration of the
commute would not be overly long (i.e. 30 minutes or less). Researchers may have seen no
significant benefit in measuring the effect of commute time or distance for this group.
Nevertheless, the few studies available which include commute duration in their analysis have
reported a significant association between the duration of the walk to school and body mass index
(Itoi et al, 2012) or body fat (Heelan et al, 2005). Two other studies found a negative correlation

between commute distance or time and fat mass (Landsberg et al, 2008; Silva & Lopes, 2008).
These studies occurred in a wide variety of geographical settings, from the US to Japan to
Germany to Brazil. The average commute duration in these studies varies dramatically, from 5
minutes to 40 minutes. In some studies, two thirds of children actively commute; in others, less
than one-third did, reflecting a difference in willingness to travel actively, availability of bus
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service and/or built environment qualities between areas. These study characteristics have
important implications for relating results to possible relationships occurring in the Canadian
context, as commuting in these areas could differ markedly from commuting in Canada.
In addition, the methods used in these studies sometimes led to conclusions about the impact of
active commute duration that may have been premature. For instance, in Itoi et al (2012),
commute duration was incorporated in an analysis between urban and rural students. The results
of their ANOVA test showed significant differences between the obesity rates of urban and rural
children. They also determined that urban and rural children differed significantly by commute
duration. Because of these two results, they concluded that commute duration contributed to the
difference in bodyweight status. This is a logical leap that requires further examination.
In Silva & Lopes (2008), commute duration was categorized as under 10 minutes, 10-20 minutes
or over 20 minutes using self-reported mode and commute duration. The results of their
regression analysis found that children who actively commuted over 10 minutes was associated
with less excess weight compared to children who actively commuted less than 10 minutes or
who commuted inactively. It is unknown based on this analysis, however, whether duration of
active travel beyond 10 minutes is related to obesity-related outcomes because of additional PA
garnered during active travel or if children who travel actively for more than 10 minutes differ in
some other way that accounts for their significant difference in fat mass.
In Landsberg et al (2008), adolescents were excluded from analysis if they lived less than 1.5 km
or more than 11 km from school. Unfortunately, in settings other than Kiel there are many
children who commute inactively at distances far lower than 1.5 km. Relating their findings to
the North American context is therefore not recommended.
In addition to the above complications to interpretation caused by study design, all four of these
studies determined commute duration through self-report (Silva & Lopes, 2008) or using the
shortest network path between home and school (Landsberg et al, 2008; Heelan et al, 2005). In
one case, the method of acquiring commute duration was not reported (Itoi et al, 2012). In most
cases PA was also determined through self-report (Heelan et al, 2005; Silva & Lopes, 2008;
Landsberg et al, 2008). All of these study characteristics are important to keep in mind when
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using these results in creating hypotheses about the predicted effect of active commute duration
on PA and bodyweight status.
Although there are few studies that explicitly discuss commute duration, there are many studies
that focus on the effect of some measure of urban sprawl on childhood obesity and/or PA. Given
the correlation between urban form characteristics and likelihood of actively commuting to
school (Larsen et al, 2009), it is worth mentioning briefly the results of these studies. Some
cross-sectional studies show that variables which describe urban form, such as street connectivity
and land use mix, increase the likelihood of a child being overweight or obese (Dunton et al,
2009). In longitudinal studies, this effect does not appear to be significant (Ewing et al, 2006;
Eid et al, 2008).
Likewise, the effect of urban sprawl on PA is disputed. Some studies show that sprawl tended to
decrease PA level (Norman et al, 2006; Ewing et al, 2006), while others found that urban sprawllike characteristics actually increases PA rates (Seliske et al, 2012; Mecredy et al, 2011; Slater et
al, 2010).
Nevertheless, what the findings suggest overall is that active commuters should experience
greater rates of PA and lower rates of overweight/obesity as their active commute duration
increases. In other words, the hypotheses for the secondary questions in this thesis are reversed
from the hypotheses for inactive commuters in the primary research questions.

2.4 The Effect of Inactive Travel Duration on Overweight Status
and Physical Activity
2.4.1

Effect on Overweight Status and Physical Activity in Adults

As was mentioned in section 2.3, many studies on obesity and PA explore the effect of urban
sprawl, which is often described as creating “commuting burden” (Lathey et al, 2009). Inactive
commute time and sprawl are sometimes considered to be synonymous due to their established
correlation (Cervero and Gorham, 1995; Holtzclaw, 1994; Levinson and Wu 2005). Built
environments characterized by sprawl are thus conceptualized as the cause of both the increase in
commute time and the reduction in PA (Ewing et al, 2003), which leads to increased risk of
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obesity (Ewing et al 2003; Giles-Corti et al 2003; Lopez 2004; Zhao and Kaestner 2009). In
other words, the link between inactive commute time and physical health is an artifact of the
association of commuting with urban form. This would explain why there are far more studies on
the relationship between sprawl or sprawl-components and obesity/PA (at least 109 studies,
according to Leal & Chaix, 2011) than there are of commute time or distance and obesity/PA.
Yet, some studies incorporating both commute time and sprawl suggests that inactive commute
time is related to obesity independently of its correlation with built form (Frank et al, 2004;
Zhang et al, 2014). Frank et al (2004) demonstrated how urban sprawl was inversely related to
PA levels and rates of obesity. What is less often noted is that inactive travel time was also
significantly and independently related to obesity and PA. Zhang et al (2014) replicated this
finding while accounting for urbanization level. They found that both sprawl and commute time
independently related to obesity at most (though not all) regional urbanization levels.
Despite the independent association of commute duration on health behaviours and outcomes,
there are surprisingly few studies regarding the effects of the duration of inactive commute on
PA or obesity. The available studies, mostly cross-sectional in design, show that longer inactive
commuting time was significantly associated with BMI (Yang & French, 2013; Hoehner et al,
2012; Lopez-Zetina et al, 2004; Frank et al, 2004; Zhang et al, 2014), weight gain (Sugiyama et
al, 2013), cardiovascular disease (Warren et al, 2010; Kageyama et al, 1998), and was inversely
associated with PA (Christian, 2012; Lopez-Zetina et al, 2004).
Within this group of papers all but one used commute time as their explanatory variable (the
other paper used commute distance). Commute time was defined either as time spent commuting
per trip, per day or per week. In addition, there was no consistent method of measuring commute
duration. Some studies used self-report measures (Christian, 2012; Sugiyama et al, 2013; Yang
& French, 2013), while others used the GIS-derived shortest network path between self-reported
home address and work location (Frank et al, 2004; Hoehner et al, 2012), or census tract/countylevel averages (Lopez-Zetina et al 2004; Zhang et al, 2014).
Obesity, rather than PA, was the most studied outcome. All the studies looking at PA used selfreported minutes or metabolic equivalent of tasks (METs) to gauge level of activity (Christian,
2012; Hoehner et al, 2012; Lopez-Zetina et al, 2006). Of the literature that examined obesity, the
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majority used BMI or a BMI-based cut-off (eg. > 30) as a proxy for obesity (Frank et al, 2004;
Hoehner et al, 2012; Lopez-Zetina et al, 2006; Yang & French, 2012; Zhang et al, 2014). In all
but one case (Hoehner et al, 2012), BMI was computed using self-reported height and weight. In
the sole longitudinal study (Sugiyama et al, 2013), self-reported weight gain was the obesity
proxy used.
There are a few issues with these studies which limit their explanatory power for the purposes of
this research. The first and most important issue is how commute duration was conceptualized.
For example, Sugiyama et al (2013) categorized available commute duration data into non-car,
occasional car and daily car commuter groups, based on the number of days in a week that a
person commuted. In other words, their analysis did not look at the impact of travel duration
specifically, just proportion of car use, which is more a reflection of a person’s employment
status and their car dependency rather than the time spent commuting. Although the most cardependent full-time workers would be commuting the longest, this study failed to show how
duration of commute within groups (for instance of full-time workers who commute daily)
impacted weight gain.
The same problem of conceptualizing commuting duration exists within the Lopez-Zetina et al
(2004) study. Their bivariate analyses compared self-reported BMI and PA with the number of
daily miles travelled on state highways, averaged by county. The definition of commute duration
used caused their analysis of “commute distance” to, in truth, be an analysis of the effect of the
county’s commute profile on individual-level obesity and PA. Both of these studies examine the
relationship of individual’s health to car dependency rather than commute duration, which makes
these studies more similar to the studies examining urban sprawl than studies examining inactive
commute duration.
A separate but related problem is the conceptualization of BMI. While several of the available
studies categorize BMI into commonly used categories (eg. obese/not-obese), one study chose to
exclude from their analysis individuals with a BMI under 22, effectively cutting out half normal
weight sample. This was done because the study’s correlation analysis suggested underweight
might be caused by other factors than travel (Yang & French, 2013). Despite this reasoning
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driving the study design, choosing to exclude approximately half of the normal weight sample
makes results difficult to interpret and extrapolate to other populations.

The small number of studies examining effect of inactive commute duration on adult PA level of
bodyweight status is eclipsed by the far greater number of studies exploring inactive commute
duration’s impact on stress or positive emotion (for instance, Evans & Wener, 2006;
Gottholmseder et al, 2009; Hennessy & Wiesenthal, 1999; Koslowsky et al, 1996; Voydanoff,
2005; Wener et al, 2003; Costa et al, 1988; Hansson et al, 2011; Stokols et al, 1978; Wener &
Evans, 2011; Anable & Gatersleben, 2004; Jakobsson Bergstad et al, 2011; Lajeunesse &
Rogriguez, 2010; Novaco et al, 1990; Olsson et al, 2013; Sposato et al, 2012). It is suggested that
lengthy commuting is stressful because of time-pressures and the need to negotiate traffic
(Sposato et al, 2012). Both stress and psychosocial wellbeing are linked to obesity and PA
(Cappuccio et al, 2008; Schwimmer et al, 2003; Karlsson et al, 1998); however, because the act
of driving is not experienced by children as they are passengers on the way to school, this
literature is likely to be of limited help in theorizing why and how inactive commuting to school
could affect BMI or PA in children. For this reason this literature will not be reviewed in more
detail here.

2.4.2

Effect on Children’s Health Behaviours and Outcomes

In contrast to the active travel literature, the health consequences of childhood inactive
commuting are understudied (as has been expressed in Howley, 2000; Henderson, 2009; and
Irwin, 2012). Most of this research (with the exception of Fox, 1996; Howley, 2001; and
Henderson, 2009) was conducted before 1985 and has usually focussed on comparing bused and
non-bused students rather than the duration or distance of commute. More importantly, the
commuting situation has changed drastically over the last two to three decades, making most of
these findings outdated and to some extent inapplicable to the context of this thesis’s results.
Nevertheless, these studies will be reviewed below.
Physical health outcomes were the least explored in available literature (Solstad, 1975; Ryan,
1976; Howley, 2001). A systematic search found no studies exploring the impact of duration of
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inactive commutes on obesity or PA rates. Two studies found that the longest distance
commuters more commonly experienced headaches, “general unwellness” and discomfort
(Solstad, 1975; Ryan, 1976). Meanwhile, a more recent study showed no association between
length of commute and frequency of reports of illness or discomfort (Howley et al, 2001).
Psychosocial outcomes, including academic achievement, were somewhat more studied than
physical outcomes (Zelter, 1970; Lu & Tweeten, 1973; Howley, 2001; Lee, 1963; Henderson,
2009; White, 1970, Scharf, 1974, Morgan, 1969, Straley, 1956, Paul, 1958, Clutchey, 1974; Fox,
1996). However, the available literature remains sparse, and the outcomes reported are
inconsistently related to busing or commute time. The available studies reported effects on
academic performance, social and emotional outcomes, or engagement in recreational activities.
Only two studies examined how school performance was affected by commute time rather than
mode (Zelter, 1970; Lu & Tweeten, 1973). One showed no significant relationship between
commute duration and school performance (Zelter, 1970) while the other showed that longer bus
rides were significantly associated with slightly lower school achievement as measured by a
composite achievement score (Lu & Tweeten, 1973). In addition, one study that surveyed school
principals found that longer distance commuters experienced significantly higher chances of
missing school due to bad weather, as well as a greater range of grades than suburban children
(Howley et al, 2001).
The search did not find any studies that looked at social acceptance outcomes in relation to
duration of commute. Indeed, only one study was available that explored the effect of commute
duration on any psychosocial outcome (Lee, 1963). The study showed that length of journey,
regardless of mode, was associated with poor emotional adjustment. It is worthwhile to note,
however, that in an exploratory study on the experience of busing, school buses appear to act as a
crucible for both negative and positive socialization experiences (Henderson, 2009). Henderson
(2009) used retrospective memories of college students to explore the effect of busing on
socialization; because of the significant time lag, results may have suffered from recall bias. It is
unknown whether being on a bus for extended periods of time would exacerbate or alter the
quality of socialization experiences.
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One area where the child inactive commuting literature is in universal agreement is that
increased inactive commuting reduces participation in leisure activity, active or otherwise
(White, 1970, Scharf, 1974, Morgan, 1969, Straley, 1956, Paul, 1958, Clutchey, 1974; Fox,
1996). Bused students tend to participate less often, as measured by number of activities and
time, in extracurricular activities than their non-bused counterparts (Thompson, 1982; Fox,
1996). Moreover, greater distance/time to school results in more severe effects on participation
in recreational activity (Thompson, 1982; Fox, 1996). Long distance commuters spent fewer
hours sleeping, doing homework, and enjoying informal recreational activity (Fox, 1996;
Thompson, 1982). Indeed, the long days required by busing to distant schools requires
considerable adaptation by the families involved, especially farm-based families (Fox, 1996).
No studies examining the effect of duration of inactive commute on “clinical” psychosocial
outcomes, such as anxiety or depression, were found in this review. Likewise, no published study
was found that has examined the effect of commute duration on children’s quality of life. What
the above research suggests is that, although there have been no studies to date on the effect of
the duration of the inactive commute to school on PA and/or obesity, there are good reasons to
believe that duration could impact PA level, at least, through the reduction in leisure activity
undertaken by these children.

2.4.3

Explaining Why Inactive Commuting Matters for Health

As was previously discussed, the body of literature associating urban sprawl with obesity and PA
has usually taken as given that the known correlation between inactive commute duration and
urban sprawl is the sole way in which inactive commute duration influences health outcomes and
behaviours. This is not the only explanation available for why inactive commuting relates to
health outcomes.
In the identified studies on childhood inactive commuting, most studies theorized that the
relationship between health outcomes and commuting was primarily caused by lack of time (or
“time poverty”) and inability to guarantee transportation to and from activities (Lu & Tweeten,
1973; Fox, 1996; Thompson, 1982). Some studies in the adult inactive commute literature have
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also framed the impact of commute time as one of increased time poverty, and that it is time
poverty –not duration of commute- that causes a decrease in healthy behaviours (Christian, 2012;
Yang & French, 2013). There is an increasing amount of literature that links measures of time
poverty with decreased PA (for instance Kalenkoski & Hamrick, 2012; Sener et al, 2008;
Spinney & Millward, 2010; Wolin et al, 2008). Despite this argument, Christian (2012) has
shown that it is commute time, not length of work day overall, which leads to substitution of
healthy activities. In other words, of two persons with the same “time poverty”, the one with the
more negligible commute time will have better health-related habits (e.g. physical activity, home
food preparation)(Christian, 2012).
This has led some to theorize that it is the stress of commuting that creates fatigue, making it less
likely that a person will be active throughout the rest of their day (Yang & French, 2013;
Hoehner et al, 2012). As noted in section 2.4.1, there is a large body of evidence associating
inactive commuting with increased stress and decreased positive affect, but whether the stress of
the commute leads to decreased health-related activities or more risk of obesity is as of yet
unknown.
In some studies inactive commute duration was explicitly theorized as a sedentary behaviour
(Frank et al, 2004; Warren et al, 2010). Since studies are showing an association between sitting
for long periods and negative health outcomes (Bucksch & Schlicht, 2014), it follows that studies
on inactive commuting, as a daily sedentary activity, could also be associated with negative
health outcomes.
It is important in this thesis to evaluate which (if any) of these three reasons are probable
explanations for a relationship between commute duration and PA and bodyweight status. By
including accelerometer-derived PA data in the analysis, it is possible to evaluate the “time spent
sedentary” explanation directly. If degree of PA does not vary significantly within the inactive
commuting group, there is no reduction in energy expenditure caused by longer commutes. If
there is a significant difference, with proper methodology (e.g. combination of GPS and GIS) it
might be possible to locate the times and places where longer distance commuters are less (or
more) active, and determine whether that difference is caused by the time spent sedentary on the
bus.
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It is also possible, assuming a difference in total PA levels, to determine whether or not at least
part of the reduction is due to a reduction in active recreational pursuits. A reduction in leisuretime PA is one example of the effects of commute-caused time poverty identified in Christian
(2012) and Fox (1996). It would be reasonable to hypothesize that any significant difference in
leisure-time PA could represent a time poverty problem for longer distance commuters.
Unfortunately there is no mechanism in place for this thesis to evaluate the third possible cause
of the effect of inactive commute duration on PA level and body weight status - stress. However,
if a significant difference in PA level or bodyweight status is found between longer and shorter
distance commuters and the two other proposed causes do not adequately explain why this
difference exists, it is reasonable to hypothesize that stress could be a factor.

2.5 Gaps in the Literature and Contributions of the Thesis
Overall, there is little peer-reviewed literature on the effects of active or inactive commute
duration on PA or obesity. The vast majority of the literature that approaches the topic a)
examines adults, not children, b) does not have certain important controls available (e.g. socioeconomic status, diet), c) often uses self-report for travel and health measures, and/or d) is
fixated on the mode of commute rather than the duration of the trip.
This provides four points where the current study fills gaps in the existing literature. First and
foremost, it is a study focussed exclusively on children and their commute to school. This study
is the one of few available about the association between the duration of children’s commuting
and PA levels and obesity status, and the first available about the impact of inactive commute
duration. Second, controls are available and used to account for variation in PA and obesity rates
caused by income, ethnicity, diet, PA (in the obesity portion of the study), sleep duration, quality
of life and known home neighbourhood environment confounders. Third, both outcome variables
(PA level and obesity status) and the explanatory variable of interest (commute time) are
objectively measured using accelerometers, GPS and digital weight scales. Fourth, this study will
include children from rural, small town, suburban and large urban population centres.
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Chapter 3

3

Methodology

The research for this thesis was carried out within the broader context of the STEAM (SpatialTemporal Environment and Activity Monitoring) project. In this chapter, the study design and
data collection method of this thesis project is described. The chapter also explains the variables
chosen and how they were measured, as well as the data analysis procedures used to examine
relationships.

3.1 The STEAM Project
The STEAM project was designed to examine possible causal links between the physical
environment (both built and natural) and children’s health outcomes in Southwestern Ontario. To
do so, it adopted a quasi-experimental design that followed children between grades 5 and 8 in
urban, suburban and rural environments for two 7-day sessions – once in the spring, and again in
the following fall.
After receiving ethics approval by the Non-Medical Ethics Board of Western University (see
Appendix A), school boards were approached for permission to work with their schools. All four
boards (Thames Valley District School Board, London District Catholic School Board, Conseil
Viamonde & Conseil Providence) granted permission, as did a local private school, the
Montessori Academy of London. School principals of selected schools were then asked for
consent to work with their grade 5 and 6 classes. Once this consent was granted, STEAM
researchers recruited students after a class presentation explaining the project. Interested students
were instructed to bring home an information package and consent form to their parent or
guardian. Students were eligible to participate once parental consent was given. On the first day
of their study session, students signed an assent form confirming their interest in participating in
the project.
Schools were selected to represent a wide variety of levels of urbanicity, built environment style
and neighbourhood socioeconomic status. In addition, efforts were made to be inclusive of
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Catholic, French language and private/special curriculum schools. This ensured that results were
not skewed by over-emphasis on students that attend one “type” of school.
In general, enthusiasm for the project was strong, and a majority of students in most classes
receiving presentations chose to participate. For logistical reasons, in schools where the number
of potential participants was over 35, a cap was implemented that was filled on a first-come,
first-served basis. Otherwise, the sample was not manipulated: there was no cap for specific
genders or ages, and children of different temperaments and working styles were accommodated
by researchers to ensure a representative sample. For example, a common adaptation was the
reading of survey or diary questions by researchers for the children who strongly dislike reading
and writing activities. Without this adaptation such children would more likely choose not to
participate, resulting in a sample skewed towards those comfortable with reading and writing
activities.
During each of the two weeks, children participating were instructed to complete a daily activity
and travel diary to provide important contextual information about activities undertaken during
the day, including activity type, location, and people involved; wear accelerometers (Actical by
Bio-Lynx Inc) on a purpose-built elastic waistband around the hips during all waking hours (save
during water-based activities and bathing), to provide information about PA amount and
intensity; wear passive GPS data loggers (VGPS-900 by Visiontac) on a lanyard around the neck
during all waking hours (except during bathing and water-based activities), to provide
information about the location of study participants; complete a 14-item (172 question)
comprehensive survey, to provide information about demographics, active and sedentary
behaviours, diet quality, environmental perceptions and mobility behaviours, and health-related
quality of life; and parents had the option of completing a 12-item (148 question) comprehensive
parent survey. This supplemented the child survey, providing information about parent
background and work life.
A unique feature of the STEAM project was the daily return of the research team to the
participating schools during their study periods. Although time and resource intensive, this
ensured that equipment was functioning properly, that children were remembering to wear their
equipment and fill out their diary, and the information provided in the diaries was appropriate.
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This approach also allowed researchers to build relationships with the participants. This helped
ensure much higher quality data for the GPS data loggers and diaries. In particular, the GPS data
loggers could be replaced when they became non-functional or uncharged. As well, prompting
was provided to students who were otherwise prone to forgetting to complete their daily activity
diaries. The regular interaction with participants also showed them that their input and expertise
was valued, and they were treated more as co-researchers than simply research subjects.
This high level of data quality for each child participant was important from a study design
perspective, as the different sources of data are designed to be synchronized via time-stamp. This
data design makes it possible for the research team to be able to query for any given participant
at any given time a) what activity was being done, b) where it was being done, c) at what PA
intensity level the activity was being done, and d) the individual and family level demographics
and health characteristics of that participant. If any of the several sources of data were missing or
incomplete, that child would become ineligible for certain analyses.

3.2 Study Area
The participants of the STEAM project were recruited from 30 schools in several Southwestern
Ontario counties (Middlesex, Elgin, Chatham-Kent, Essex, Huron and Oxford). As seen in
Figures 2 and 3, a variety of economic and urbanization levels are represented.
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Figure 2 – STEAM Schools, by Median Household Income of Dissemination Area
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Figure 3 – STEAM Schools, by Population Class of Dissemination Block
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3.3 Dependent and Independent Variables
This study uses data from the first 7 day study period (collected in the spring) of the 2011, 2012
and 2013 seasons. Of the data sources available from the STEAM project, the ones used in this
study include survey questions of interest, in particular those about age, gender, ethnicity,
household income, health-related quality of life (HRQOL) and diet-related questions;
accelerometer data, providing objective PA measures; measured height and weights, providing
objective BMI measures; GPS routes to school, providing objective commute time measures; and
diary entries for wake and sleep times, providing self-reported amount of sleep.
Regression analyses are performed to assess the effect of commute mode and duration on obesity
and PA, while accounting for other known individual and neighbourhood level confounders. The
following section describes the variables known to be confounders and how they are derived
from the data for use in this analysis.

3.3.1

Dependent Variable 1: Overweight Status

The primary outcome variable of interest is overweight/obesity status. To determine overweight
status, it was necessary first to compute every child’s body mass index (BMI). A STEAM
researcher measured each child’s height and weight using a tape measure and electronic scale at
the beginning of the weeklong studies. These were used to calculate BMI as follows:
BMI = weight (in kgs) / height (in m2)
BMI is used differently with children than with adults because each age group and gender are at
different stages of development (i.e., it is incorrect to compare 8 year old boys with 12 year old
girls) (CDC, 2011). Instead of comparing raw scores, BMI is converted to an age and genderappropriate BMI z-score using a reference population of children of the same age and gender.
The z-score represents the distance between a given child’s BMI and that of the average BMI of
other children of the same age and gender. Once computed, the Centers for Disease Control and
Prevention (CDC) cut-off percentiles (see Table X) were used to determine the z-score at which
a child was considered underweight, healthy, overweight or obese (CDC, 2011):
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Table 1- CDC Cut-Off Percentiles for Bodyweight Status Categories (CDC, 2011)

Finally, this new bodyweight status variable was reclassified to place overweight and obese
study participants into one group (overweight), and underweight and healthy participants into the
other group (not overweight). In this thesis, this variable is referred to as “Overweight status”.

3.3.2

Dependent Variable 2: Physical Activity Level

Energy expenditure (hereafter referred to as “PA level”) was the second outcome variable of
interest, as well as an important control variable for the analysis about the “Overweight status”
outcome. STEAM used the Actical (by Bio-Lynx Inc.) accelerometer, which records acceleration
made in all directions, summed over one minute periods (counts per minute, or CPM).
Data validation was conducted during the processing stage. Minutes, days and participants were
assessed, in turn, to ensure adequate quality of data was met for analysis. A minute of data was
considered invalid if the device logged zero counts for 60 consecutive minutes. Such minutes
were considered to be “non-wear”, and are invalid so as to prevent confusion between non-wear
and sedentary activity. Any minute that did not fail this test was considered valid. A day of
accelerometer data was considered valid if that day had at least 600 valid minutes (or 10 hours)
of data. Days with less than this amount of valid data are too likely to be unrepresentative of a
child’s true daily activity to be useful for analysis.
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Because there is a lack of consensus on the number of valid days of data necessary to accurately
portray a child’s PA level (Colley et al, 2010), this study follows the example of others (Ness et
al, 2007; Moore et al, 2003; Stevens et al, 2004; Rich et al 2013) in choosing a relatively low
threshold; a minimum of two valid days. This ensures that a single outlier day does not
misrepresent a child’s apparent activity level, while avoiding too great a loss of sample size and
statistical power.
When treated as a control variable, two activity intensities were generated from the data:
moderate to vigorous PA (MVPA) and sedentary activity. MVPA is known to be inversely
associated to obesity, while sedentary activity is known to be positively associated to obesity
(Epstein et al, 1995; Arluk et al, 2004). This was made possible by classifying each valid CPM
according to established cut-point values (Puyau et al, 2004; Wong et al, 2011)(see Table 2).

Table 2 - Activity Intensity Cut-Off Values (Puyau et al, 2004; Wong et al, 2011)
Counts per Minute (CPM) Range

Activity Intensity

< 100 CPM

“1” or Sedentary

100 CPM to < 1500 CPM

“2” or Light

1500 CPM to < 6500 CPM

“3” or Moderate

6500 CPM or above

“4” or Vigorous

Valid minutes (i.e. those determined to be during wear-time) in each category are summed for
the day, giving a total number of minutes in each intensity level. These counts are then averaged
across all valid weekdays to give an average time within a given intensity level.
For use as control variables, Categories 3 (moderate) and 4 (vigorous) were summed to represent
time spent physically active at an intensity sufficient to count towards daily activity
recommendations for children (Strong et al, 2005). This variable will be referred to as “MVPA”.
Category 1 (sedentary) was used to represent sedentary or inactive behaviour, and will be
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referred to as “Sedentary”. Category 2, representing light activity, was not included as a variable
in this study.
When treated as an outcome variable, however, the average overall level of PA during the study
period weekdays was used. This avoided comparing children with variable numbers of minutes
of data for a given day (and therefore variable probabilities of getting a certain number of
minutes at various intensities). This conceptualization of PA level is also more inclusive of lower
intensities of PA, by including CPM values that would otherwise be considered “light” PA. This
outcome measure is intended to capture, in one variable, the overall level of activity throughout
the day. This continuous variable was calculated by averaging the counts per minute (CPM)
recorded for each valid minute of the day, then averaging this over all the child’s valid days.

3.3.3

Independent Variable of Interest: Commute Time

The primary independent variable of interest, “Commute time”, is a measure of the amount of
time necessary for a participant to go to school. This variable was derived from the participant’s
GPS data, which measured location of the study participants once per second. Up to five routes
to school were available for each study period for each child, from which the most complete and
representative GPS track was selected. Where no complete route to school was available, a
complete and representative route from school was substituted, if that route was direct (no stops
or detours). If no route to or from school was judged complete and representative, the child was
removed from the sample.
Completeness was judged by quality of GPS data. Routes that do not begin at a reasonable
distance from home or do not arrive at school or very close to the school are excluded. Routes
that lack enough point data to make retracing the route impossible are excluded. Any routes with
poor quality GPS data, for instance a high number of points with poor spatial accuracy, are also
excluded. Representativeness was judged by whether the route and mode was exclusively or
most commonly used by the child.
Once a single route was selected for each child and cleaned of any erroneous points, a row count
of each file provided the number of seconds for that route, which was then divided by 3600 (60
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times 60) for a commute time in minutes. Where large chunks of data points were missing, the
time stamp at the beginning and end of the route was used to more accurately determine
commute time. This method of determining commute time was generally avoided for complete
routes due to the software’s inability to perform time-format calculations across observations in a
table.

3.3.4

Mode Type

Once the commute routes were selected and processed, the mode of that route was used to
categorize each study participant as either active (walk, bike, skateboard) or inactive (bus, car,
city bus). This variable is referred to as “Mode type”.

3.3.5

Diet Quality

The best approximation of diet quality available in the STEAM data suite are the Likert-style
questions in the youth survey which explore the frequency of “junk” food consumption, such as
cookies and pop. Since the consumption of energy dense, nutrient poor foods is known to
increase the risk of high energy intake (Kant, 2000) which increases risk of obesity (Langlois et
al, 2009), the survey’s questions on individual categories of junk food were combined into a
composite Likert scale score of “frequency of junk food consumption” as a self-reported proxy
of diet quality and probable high energy intake.
Likert questions are, of course, ordinal level data. However, when such questions are summed
across a series to create a scale, the result may reasonably be treated as interval level data
(Norman, 2010; Carifio and Perla, 2008). For the purposes of providing a rough approximation
of diet quality, it was assumed here that the difference between possible answers in this question
were roughly equal. This made it possible to assign a value of 0 for “Never”, 1 for “Rarely”, 2
for “Sometimes”, 3 for “Frequently” and 4 for “Always” for the answers to the following food
items: fruit-flavoured drink (eg. Fruitopia, Gatorade, Snapple); regular pop with sugar;
sweetened breakfast cereal (eg. Fruit Loops, Frosted Flakes); chocolate bars or other candies;
cakes, brownies, or cookies; and potato or corn chips. The composite score is the sum of values
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for all of these items, with values ranging from zero to 24. This variable will be referred to as
“Empty Calories”.

3.3.6

Health-Related Quality of Life

Health-related quality of life (“HRQOL”) is a multidimensional construct often used as a proxy
for overall psychosocial functioning. HRQOL is known to be inversely related to obesity in
children and adolescents (Zeller & Modi, 2006; Pinhas-Hamiel et al, 2006). In this study, selfreported HRQOL was measured using the Pediatric Quality of Life Inventory™ (PedsQL™),
developed specially for children (Varni et al, 1999). The PedsQL™ inventory consists of four
core scales: physical (eight items); emotional (five items); social (five items); and school
functioning (four items).
The four scales are combined to create a total HRQOL score (Varni et al, 1999). Scores range
from 0-100, with higher scores representing better quality of life. The PedsQL™ inventory has
been shown to be both reliable and valid, with internal consistency reliability coefficients
approaching or exceeding 0.70 (Zeller & Modi, 2006). In this study, the total HRQOL score was
calculated for each child according to the PedsQL™ instructions described elsewhere (PedsQL,
1998).

3.3.7

Sleep Duration

Sleep duration has been shown be related to obesity (Chen et al, 2008; Patel & Hu, 2008). Study
participants provided their wake up and bed times in their daily activity diaries. The difference
between bed time and the next day’s morning wake up time represented the total sleep duration
for that night. The average of up to 7 days of diary-recorded bedtime and wake-up times was
used as the child’s estimated sleep duration.
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3.3.8

Other Individual-Level Controls

Based on the studies reviewed in Chapter 2, age, gender, ethnicity and household income were
identified as individual and household level characteristics important to control for in the
regression analyses. Age (including birth month) is a continuous variable derived from the youth
survey. Gender and ethnicity are categorical variables, also obtained through the youth survey.
Ethnicity was comprised of 7 subdivisions: White, Asian, Middle Eastern, Hispanic, Black,
Aboriginal, and Mixed/Unknown. For the regression analysis, the most common category
(‘Female’ and ‘White’) was used as the base category (0).
Household income was obtained through the parent survey, and categorized income into the
nearest 10 000$ range (e.g. 70 000 – 79 999, 80 000 – 89 999). Many parents chose not to reveal
their household income range or did not fill out their survey. For this reason, many records show
a null household income. To be able to include these records in the regression analyses, this
variable was transformed into a categorical variable with lowest third, middle third, highest third
and null as the categories. The lowest third group was used as the base or reference category (0).

3.3.9

Level of Urbanicity

“Urban”, “suburban” and “rural” are intuitive concepts; they represent a difference in density of
population and a specific type of built environment that most of us can visualize. Statistics
Canada has traditionally used population size and density to determine level of urbanicity. Under
this standard definition, any geographic area with a population of at least 1000 persons and a
population density of at least 400 persons per square kilometer constituted an urban area
(Statistics Canada, 2011). Unfortunately, using this definition clumps small towns, suburban
areas and inner urban areas together (see example in Figure 4); in other words, it fails to
represent important built environment and social differences between areas with similar
population sizes and densities.
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Figure 4 - Distribution of Urban Areas (Old Statistics Canada definition)
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It is for this reason that the newer definition of urbanicity used by Statistics Canada further
subdivides “urban” and “rural” areas according to the size of the population centre in which the
geographic areas reside (Statistics Canada, 2011). If a dissemination area occurs outside of any
population centre, it is by default rural. If a dissemination area occurs within a population centre
that is under 1000 persons and/or under 400 people per square kilometer, it is still defined as
rural. Otherwise, each dissemination area is given a population class: small population centres
(for populations of between 1,000 and 29,999); medium population centres (for populations of
between 30,000 and 99,999); and large urban population centres (for populations of 100,000 and
over).
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Figure 5 - Distribution of Population Centres (new Statistics Canada classification)
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Figure 5 provides a visual representation of how this new definition represents urbanicity in
Southwestern Ontario. This greater refinement is used to define urbanicity in this thesis.
However, because very few participants in the STEAM sample live in medium sized centres (n =
9), they are combined with the small population group. Therefore, for this thesis there are three
levels of urbanicity defined: rural, small and medium sized centres, and large urban population
centres (see Figure 6):
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Figure 6 - Population Centre Classification Used in this Thesis
(Adapted from Statistics Canada, 2011)
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Suburban areas are not yet outlined in this definition. Because this built environment subtype has
frequently been associated with the health outcomes of interest in this thesis (as reviewed briefly
in section 2.4.1), suburban “sprawl” effects are controlled for by including several built
environment characteristics known to correlate with sprawl in the analysis. These built
environment characteristics are land use mix, street connectivity and neighbourhood population
density. These variables are discussed along with the other built environment characteristics of
interest in section 3.3.10.

3.3.10

Other Neighbourhood-Level Controls

Several built environment variables are known to influence children’s PA, food consumption and
obesity (McCormack et al, 2004; Humpel et al, 2002; Handy et al, 2002; Saelens et al, 2003;
Owen et al, 2004, Jackson, 2003; Jackson and Kochtitzky, 2001; Frumkin, 2002; Zenk et al,
2005a, Jekanowski, 2001, Alter and Eny, 2005; Morland et al, 2002; Laraia et al, 2004; Wrigley
et al, 2003; Rose and Richards, 2004; Haire-Joshu and Nanney, 2002 Gordon-Larsen et al, 2006;
He & al, 2012; Larsen et al, 2012; Gilliland et al, 2012; Morland and Evenson, 2009, Timperio et
al, 2008; Fox et al, 2009), including neighbourhood income, neighbourhood population density,
land use mix, parks and recreational opportunities, street connectivity, food environment near
home, and food environment near the school.
Once the participant’s home was determined using their GPS data, a 500m Euclidean buffer was
created around this point using ArcGIS 10.1 to create an estimated home neighbourhood
environment area. A distance of 500m is commonly used to approximate children’s accessible
home neighbourhood environment (Larsen et al, 2009; Wrigley, 2002). Within these home
environment buffers several built environment variables were calculated as described below.

3.3.10.1 Neighbourhood Income
Neighbourhood income (“NBHD income”) was derived from the 2011 census median family
income (MFI) variable, measured at the dissemination area (DA) level. Values for buffers with
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multiple DAs were weighted by proportion of the buffer covered by those DAs, using the
following formula:
∑ ((MFI of DAi) *(DAi % of buffer area))
Figure 7 presents an example of this calculation.

Figure 7 - Example of Neighbourhood Income Calculation

3.3.10.2 Neighbourhood Population Density
Neighbourhood population density (“NBHD density”) was derived from the 2011 census total
population variable, measured at the DA level. Values for buffers with multiple DAs represented
were weighted by proportion of the buffer covered, using the following formula:
∑ ((density of DAi) * (DAi % of buffer area))
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Figure 8 presents an example of this calculation. This method, of course, assumes that population
is distributed evenly within the DA. Unfortunately this is an unavoidable assumption using this
data source.

Figure 8 - Example of Neighbourhood Population Density Calculation

3.3.10.3 Land Use Mix
Land use mix (“LUmix”) was derived from 2007 land use data (source: DMTI Spatial Inc), and
was calculated using a popular land use mix index formula (Frank et al, 2004):
LUmix = - ∑i=1n Pi * (ln Pi/ln n)
Where P represents the proportion of land use type “i” within the buffer, and n represents the
number of land use types. A value between 0 and 1 is produced, estimating the level of
heterogeneity present within the buffer area. 0 means the area within the buffer is completely
homogenous and 1 represents the most balanced and mixed area (see Figure 9). As the DMTI
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data does not extend beyond the built-up areas (hamlets and upwards), children living on
concession roads and other non-represented areas were assumed to be surrounded by open area,
and thus classified by default as zero.

Figure 9 - Example of Land Use Mix Scores

3.3.10.4 Parks Opportunities
Parks Opportunities (“Park Opportunities”) was derived from 2007 land use data (source: DMTI
Spatial Inc), and is the proportion of buffer area classified as park or recreation. As the DMTI
data does not extend beyond the built-up areas (hamlets upwards), children living on concession
roads are assumed to be surrounded by open area. Although it is possible that children use this
open space to play, it is not intended specifically for recreation, and so these children are by
default given a score of zero for this variable.
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3.3.10.5 Food Opportunities in Home Neighbourhood
Convenience food opportunities around the home (“Food Opportunities (Home)”) is a count of
known variety stores and fast food sites within the 500m buffer. The data for this count was
derived from the Human Environments Analysis Laboratory’s (HEAL) Southwestern Ontario
food database, which is a compilation of known food outlets provided by county health units
and, where otherwise unavailable, Dun & Bradstreet’s Selectory.

3.3.10.6 Street Connectivity
Street connectivity (“Street Connectivity”) is a count of the number of intersections with a
valence of 3 (i.e. a “T” intersection) or more within the buffer area. It is derived from 2009 road
data (Source: DMTI Spatial Inc.).

3.3.10.7 Food Environment in School Neighbourhood
In addition to these home neighbourhood environment variables, the school convenience food
environment (“Food opportunities (school)”) was also estimated, as it is known to be predictive
of increased risk of poor dietary behaviours (He et al, 2012) and rates of obesity (Leatherdale et
al, 2011). This measure was calculated by summing the number of variety stores and fast food
sites (again using the HEAL Southwestern Ontario Food Database) within 500m around each
child’s school.

3.4 Data Analysis Approach
This thesis answers the research questions stated in Chapter 1 using a statistical modelling
approach which integrates objectively-measured outcomes (PA Level and Overweight status), an
objectively-measured independent variable of interest (Commute Time), a suite of variables
representing built environment attributes and self-reported demographic, individual and family
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characteristics. Analyses presented in Chapter 4 will be subdivided into three main sections,
culminating in the analysis of inactive commute duration’s effects on PA and obesity rates.
The first analysis examines the effect of mode type (i.e. active or inactive) on PA level and
overweight status. This preliminary analysis simply aims to add to existing literature on how PA
and obesity rates differ between active and inactive travellers. The second analysis examines the
impact of active commute time on PA level and overweight status. This section aims to add to
the limited existing literature on how commute duration alters the PA and/or bodyweight status
benefits of active travel. The third analysis, which is the primary analysis of interest for this
thesis, examines the impact of inactive commute time on PA level and overweight status. This
section aims to provide evidence not currently available in existing literature.

3.4.1

Modelling Approach: Analysis 1 (about Mode)

The first analysis focussed on the effect of mode type begins with descriptive statistics of the
sample. The mean will be used to describe the central tendency of variables; for some discrete
variables (for instance, income category) the median will be used instead. The dispersion of
variables will be described using standard deviation or, where the median is used, interquartile
range.
Following the descriptive statistics, a series of bivariate statistical tests will examine how the
independent and outcome variables of interest differ by mode type. Categorical variables will be
tested using Pearson’s chi-squared test, which evaluates which level of probability differences
observed in the data could have occurred by chance. Continuous variables are tested using
Wilcoxon rank-sum tests, which determine whether populations are significantly different from
one another. These tests determine whether further analysis is necessary for either outcome. In
addition, it highlights any independent variables that significantly co-vary/differ by mode type,
which may present possible problems with multicollinearity.
Outcomes of interest (overweight status and PA level) which significantly differ by mode
category in the bivariate tests will be modelled via regression analysis to estimate the strength
and significance of the relationship while accounting for independent variables. Regression
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models with PA level as the outcome will be estimated using linear regression, which assumes a
linear relationship exists between the outcome variable and the independent variables.
Regression models with overweight status as an outcome will be estimated using binary logistic
regression, which predicts the outcome category to which an observation belongs based on
available independent variables.
Independent variables which are known to be important in the literature will be included in the
models. Commute duration will also be included because it is the primary independent variable
of interest in this thesis. Based on this, the variables which may be included in either regression
model are outlined in Table 3.
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Table 3 – Independent Variables Used in Regression Analysis, by Applicable Model
Variables

Overweight model

PA level model

Gender

X

X

Age

X

X

Ethnicity

X

X

Household income

X

X

Commute time

X

X

Health-related quality of life

X

X

Sleep duration

X

X

Neighbourhood population density

X

X

Neighbourhood income

X

X

Food opportunities (home)

X

X

Food opportunities (school)

X

X

Street connectivity

X

X

Park opportunities

X

X

Land use mix

X

X
X

Overweight status
Empty calories (Diet quality)

X

Time spent in MVPA

X

Time spent in sedentary activity

X

3.4.2

Modelling Approach: Analysis 2 & 3 (about Duration of Commute)

The second and third analyses examine the effect of the duration of the active and inactive
commute, respectively, on PA and overweight status. The two subsamples have an identical
modelling approach; they will be jointly described below.
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These sections begin with a short section providing descriptive statistics of the concerned
subsample. As with analysis 1, the mean will be used to describe the central tendency of most
variables; the median is used for the rest. The variable dispersion will be described using
standard deviation.
Two series of bivariate statistical tests will then examine how the independent and outcome
variables of interest relate to one another within the commuter subsample of interest. The first
series of tests examines how the independent variables of interest vary by overweight status; the
second examines how independent variables of interest vary by PA Level. If either show a
significant relationship to Commute time, a third series will examine how independent variables
of interest vary or differ by Commute Time.
Table 4 shows the bivariate tests which are performed for each variable of interest.
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Table 4 - Bivariate Statistical Tests Used in Analyses 2 & 3
Type of control
variable

Distribution-type

Statistical test used

Categorical

N/A

Chi square

Normal

T-test

Non-normal

Wilcoxon rank-sum

N/A

One-way ANOVA

Normal

Pearson correlation

Non-normal

Spearman
correlation

N/A

Kruskal-Wallis

Normal

Spearman
correlation

Non-normal

Spearman
correlation

Overweight status
Continuous

Categorical
Physical activity
level

Continuous

Categorical

Commute time
Continuous

If one or both of the outcomes of interest (Overweight status and PA level) significantly differ by
commute time in the bivariate tests, a regression model will be built to estimate the strength and
significance of the relationship while accounting for other independent variables. Regression
models with PA level as the outcome will be estimated using linear regression. Regression
models with overweight status as an outcome will be estimated using binary logistic regression.
Independent variables that are known to be important in the literature will be included in the
models, and are listed in table 3 in section 3.4.1.
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Chapter 4

4

Results

In this chapter, results from three separate analyses will be presented. Section 4.1 discusses the
characteristics of the sample and two subsamples used subsequently in sections 4.2, 4.3 and 4.4.
Section 4.2 discusses the effect of travel mode type on physical activity level and overweight
status. Section 4.3 discusses the effect of active commute duration on physical activity level and
overweight status. Section 4.4 discusses the effect of inactive commute duration on physical
activity level and overweight status.

4.1

Sample Characteristics

Data for 851 participants was collected in 30 elementary schools throughout Southwestern
Ontario during the STEAM project between 2010 and 2013. A total of 648 (or 76.1%) of
participants provided sufficient accelerometer, GPS, diary, and survey data to be considered for
statistical analysis. An additional three participants were excluded from analysis due to BMI zscores which were biologically implausible (CDC, n.d.), more than likely a result of
measurement or recording error. Some initial individual and neighbourhood-level characteristics
of the sample used in this thesis are summarized in Table 5. This sample is used in section 4.2 to
examine the impact of commute mode on physical activity and bodyweight status.
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Table 5 - Characteristics of the STEAM Sample used in this Thesis
Characteristics of total STEAM sample (n=645)
Mean

Median

SD

Age, in years

11.2

11

0.9

Commute time, mins

17.2

13.3

15.1

BMI age-adjusted Z-score

0.2

0.24

1.2

Average accelerometer count

367.7

345.7

129.9

Sedentary activity, mins

554.1

552.2

80.0

Moderate to vigorous PA, mins

64.4

60.6

27.8

Empty calorie consumption score

10.3

10

4.2

Health-related quality of life score

79.8

81.5

12.9

Sleep duration, hours

9.7

9.75

0.8

0.4

0.39

0.2

Neighbourhood population density

1032.9

934.1

839.6

Neighbourhood income, $

74 798

71 442

20 112

27.4

28

15.8

2

<0.001

10

2.6

1

4.6

3.7

1

4.0

Individual-level characteristics

Neighbourhood characteristics - 500m
Land use mix score

Street connectivity, #
Park opportunities, %
Food opportunities (home), #

School-level characteristics - 500m
Food opportunities (school), #

The STEAM sample used in this thesis has an obesity rate of 26.35%, which is close to that of
another Canadian study using CDC cut-off points (28%)(Shields & Tremblay, 2010).
For the analyses on commute duration presented in sections 4.3 and 4.4, subsamples derived
from this sample were created by segregating participants with active (i.e. walk, cycle or
skateboard) and inactive (bus, car or city bus) modes of travel to school. The mean and standard
deviation for characteristics of each subsample are presented in Table 6. Just over 30% (n = 199)
of the participants typically travelled actively to school. 446 participants travelled inactively to
school.
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Table 6 -Sample Characteristics of the Two Subsamples used in Section 4.3 and 4.4
Characteristics of Subsamples
Active (n = 199)

Inactive (n = 446)

Mean

SD

Mean

SD

Commute time, mins

8.92

6.12

20.86

16.42

BMI age-adjusted Z-score

0.20

1.18

0.178

1.139

Average accelerometer count

394.90

126.04

355.56

129.92

Sedentary activity, mins

543.16

77.41

559.03

80.69

Moderate to vigorous PA, mins

72.46

26.81

60.86

27.47

Empty calorie consumption score

10.22

3.99

10.31

4.27

Health-related quality of life score

79.33

14.05

80.05

12.37

Sleep duration, hours

9.81

0.79

9.63

0.82

0.45

0.16

0.347

0.217

1048.07

762.68

1026.2

872.5

Neighbourhood income ($ 000)

69.52

16.47

77.16

21.14

Street connectivity, #

31.84

13.05

25.49

16.48

2

4

2.1

6.1

3.35

3.81

2.21

4.93

3.80

3.73

3.58

4.09

Individual-level characteristics

Neighbourhood characteristics - 500m
Land use mix, score
Neighbourhood population density

Park opportunities, % of total area
Food opportunities (home), #
School-level characteristics - 500m
Food opportunities (school), #

4.2 Effect of Mode of Travel: Active vs. Inactive Commuting
This section presents the analysis pertaining to the effect of mode of commute on PA and
overweight status outcomes controlling for other factors. It aims to replicate analyses and
confirm findings in previous studies on commute mode type. The results of bivariate statistical
tests are first presented in subsection 4.2.1. These results will justify the regression analyses
presented subsequently in section 4.2.2.
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4.2.1

Bivariate Tests: Differences between Active and Inactive
Commuters

Tests examining the difference between active and inactive commuters are presented in Table 7.
Chi square and Wilcoxon rank sum tests were used as noted in the table. Inactive commuters
were significantly more likely to live in rural areas than active travellers, and less likely to live in
large, medium or small centres. This may explain much of the difference between the home
neighbourhood environment characteristics of active and inactive commuters. Inactive
commuters live in home neighbourhood environments with less heterogeneity in land use, higher
neighbourhood income, lower street connectivity, fewer convenience food stores or outlets and
recreational opportunities. Inactive commuters also have longer commutes overall.
Inactive commuters also tend to come from wealthier households, and have significantly shorter
sleep than active commuters. Inactive commuters, following results in similar studies (Rosenberg
et al, 2006; Davison et al, 2008; Tudor-Locke et al 2001; Ogilvie et al 2007; Sirard et al 2005;
Alexander et al, 2005; Cooper et al, 2003; Cooper et al, 2005; Fulton et al, 2005; Saksvig et al,
2007; Lubans et al, 2011; Cooper et al, 2010; Faulkner et al, 2009), get significantly less PA
overall, less moderate to vigorous PA, and more time spent doing sedentary activities.
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Table 7 - Bivariate Statistics, Testing Differences by Commute Mode Type
Bivariate tests of difference, by commute type (n = 645)
Active (199)

Inactive (446)

Test

Sig

55.28%

56.95%

Chi2

No

11.32 (0.81)

11.20 (0.88)

T-test

No

70 - 80K

100 - 110K

Chi2

99%

64.82

72.20

Chi2

No

% Large center

71.86

58.74

% Medium/Small center

26.63

16.37

Chi2

99.9%

% Rural

1.51

24.89

Commute time, mins (SD)

8.92 (6.12)

20.86 (16.42)

Wilcoxon

99.9%

Overweight & obesity, %

26.13

26.68

Chi2

No

Accelerometer count, mean (SD)

394.90 (126.0)

355.56 (129.9)

Wilcoxon

99.9%

Sedentary activity, mins (SD)

543.16 (77.4)

559.03 (80.7)

Wilcoxon

95%

Moderate to vigorous PA, mins (SD)

72.46 (26.81)

60.86 (27.5)

Wilcoxon

99.9%

Health-related quality of life score

79.33 (14.05)

80.05 (12.37)

Wilcoxon

No

9.81 (0.79)

9.63 (0.82)

Wilcoxon

99%

0.448 (0.16)

0.347 (0.22)

Wilcoxon

99.9%

1048 (762)

1026 (872)

Wilcoxon

No

69.52 (16.5)

77.16 (21.1)

Wilcoxon

99.9%

31.8 (13.0)

25.5 (16.5)

Wilcoxon

99.9%

2.5 (4)

2.1 (6)

Wilcoxon

99.9%

3.35 (3.81)

2.21 (4.93)

Wilcoxon

99.9%

3.80 (3.73)

3.58 (4.09)

Wilcoxon

No

Demographics
Gender, % female
Age, mean (SD), year
Income, median category
Ethnicity, % White
Urbanicity

Individual-level characteristics

Sleeptime, mean hrs (SD)

NBHD characteristics - 500m
LUmix, mean score (SD)
Neighbourhood population density,
mean (SD)
Neighbourhood income, mean K (SD)
Street connectivity, mean # (SD)
Parks, mean % area (SD)
Food opportunities (home), mean #
(SD)

School-level characteristics - 500m
Food opportunities (school), mean #
(SD)

In Table 7, this sample is shown to have no statistically significant difference in overweight
status between active and inactive commuters. The distribution of bodyweight categories within
each mode type is further subdivided in Table 8, using CDC cut-off percentiles applicable for
population samples (CDC, 2011). While this table shows there are differences between active
and inactive commuters by bodyweight category, the difference remains insignificant.
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Table 8 - CDC (2011) Bodyweight Categories, by Commute Mode Type
Distribution in weight categories (%)
Active (199)

Inactive (446)

(%)

(%)

Underweight (<5th percentile)

5.53

6.28

Healthy

68.34

67.04

Overweight (85th to <95th percentile)

15.08

18.61

Obese (>95th percentile)

11.06

8.07

Weight categories

Chi square Sig

0.474

Since there is no significant difference in bodyweight status between active and inactive
commuters, binary logistic regression is not used to examine that outcome further. However,
because there is a significant difference in the overall physical activity level of active vs. inactive
commuters, a linear regression tests whether the difference in PA holds once accounting for
confounding variables.

4.2.2

Regression Analysis: Active vs. Inactive Commuters and Physical
Activity Level

After controlling for other factors previously found to influence PA in children, active mode of
travel to school continues to significantly predict higher levels of overall PA (see Table 9).
Commute time did not significantly predict PA level. Other independent variables which
significantly predict increased level of PA include being younger, male, non-overweight, having
higher health-related quality of life, living in higher income neighbourhoods, and having fewer
convenience food outlets around school.
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Table 9 - Linear Regression Testing Impact of Mode on Physical Activity Level
Model Characteristics
Observations
Degrees of freedom
Adjusted r2

Variable

645
25
0.2497

Coef

-20.154
Age
82.512
Gender
Income (base = Lowest tier)
Middle tier -2.045
8.285
Highest tier
Unknown -5.277
Ethnicity (base = White)
Asian -30.078
Middle Eastern 55.015
Hispanic -11.099
Black 29.026
Aboriginal -40.917
3.550
Mix/Unknown
Urbanicity (base = Large center)
0.643
Med/Small centers
Rural 41.754
-54.082
Mode (0 = Active)
0.068
Commute time
-62.413
Overweight status
1.565
HRQOL score
8.933
Sleep duration
1.152
Land use mix
0.008
Neighbourhood pop density
0.549
Neighbourhood income
-4.260
Food opportunities (school)
-0.201
Food opportunities (home)
0.333
Street connectivity
12.373
Park opportunities
349.04
_constant

Std Er

Beta

T

Sig

5.401
9.207

-0.134
0.315

-3.73
8.96

< 0.001
< 0.001

-30.76
64.43

-9.55
100.59

15.374
15.782
13.165

-0.006
0.026
-0.020

-0.13
0.52
-0.40

0.894
0.600
0.689

-32.24
-22.71
-31.13

28.15
39.28
20.58

20.211
29.920
20.910
24.771
47.322
14.055

-0.053
0.064
-0.019
0.042
-0.030
0.009

-1.49
1.84
-0.53
1.17
-0.86
0.25

0.137
0.066
0.596
0.242
0.388
0.801

-69.77
-3.74
-52.16
-19.62
-133.85
-24.05

9.61
113.77
29.96
77.67
52.01
31.15

0.963
0.080
< 0.001
0.839
< 0.001
< 0.001
0.125
0.973
0.293
0.046
< 0.001
0.863
0.485
0.882
0.001

-26.22
-4.97
-75.82
-0.587
-83.05
0.87
-2.48
-64.71
-0.007
0.01
-6.65
-2.48
-0.60
-151.33
150.80

27.51
88.48
-32.34
0.723
-41.77
2.26
20.35
67.02
0.02
1.09
-1.87
2.08
1.27
176.07
547.28

13.679
0.002
0.05
23.795
0.122
1.75
11.072
-0.192
-4.88
0.334
0.839
0.20
10.510
-0.212
-5.94
0.355
0.155
4.41
5.813
0.056
1.54
33.539
0.002
0.03
0.008
0.056
1.05
0.274
0.085
2.00
1.216
-0.130
-3.50
1.131
-0.007
-0.17
0.478
0.040
0.70
83.361
0.005
0.15
100.95
-3.46
bold = achieved 95% significance

95% Confidence

To further explore whether the extra PA received by active travellers occurs during the commute
to school or in other parts of their day, table 10 presents an additional Wilcoxon ranksum test
that shows the average PA level during a) travel time and b) outside travel time. In addition, PA
level was calculated during school and outside of school hours, to verify whether or not the
additional PA occurs during leisure time.

58

Table 10 – Difference in Physical Activity Level at Different Times of Day,
by Mode of Travel
Wilcoxon Ranksum bivariate tests, by Mode of Travel (n = 645)
Travel to school PA
Non-travel to school PA
School-time PA
Non-school PA

Result (z =)
17.547
1.983
0.440
5.519

Sig
*<0.001
*0.047
0.6599
*<0.001

As can be seen in Table 10, level of PA during school hours does not differ between active and
inactive commuters. The difference occurs during leisure time. Moreover, time spent commuting
to school and non-travel activity time both contribute to the difference in PA level between
active and inactive travellers. In other words, actively commuting to school does significantly
impact children’s overall level of PA, even though these children are also more likely to be
active overall.
It is possible part of the difference in PA level found here might be due to self-selection (i.e. the
phenomena whereas active children are more likely to walk or bike, where it is possible to do
so). To explore whether self-selection is a factor in the difference in PA level between active and
inactive commuters, table 11 describes the results of a binary logistic regression model which
predicts travel mode type within the subsample of children living within 1.6km of school, who
are not eligible for school bus services. As can be seen, PA level does not significantly predict
mode of commute to school when only considering children living within walking distance of
school.
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Table 11 - Binary Logistic Regression Testing Impact of Physical Activity Level on
Commute Mode Type (Subsample Living within 1.6km from School)
Model Characteristics
Observations
Degrees of freedom
Adjusted r2

256
15
0.3464

Variable

OR

Std Er

Z

Sig

Age
Gender
Income (base = Lowest tier)
Middle tier
Highest tier
Unknown
Commute time (mins)
Physical activity level
HRQOL score
Sleep duration
Land use mix
Neighbourhood pop density
Neighbourhood income
Street connectivity
Food opportunities (school)
Food opportunities (home)
_constant

0.657
0.698

0.156
0.291

-1.76
-0.86

0.078
0.388

1.375
0.951
0.46
0.645
3.484
2.273
1.91
0.056
4.218
2.307
2.63
0.008
0.648
0.052
-5.45
< 0.001
0.997
0.002
-1.38
0.169
1.006
0.014
0.41
0.681
1.149
0.295
0.54
0.586
0.718
1.046
-0.23
0.820
1.001
0.000
1.86
0.062
0.991
0.013
-0.63
0.531
0.983
0.022
-0.78
0.438
1.008
0.058
0.14
0.892
0.889
0.063
-1.66
0.096
131.62
580.93
1.11
0.269
bold = achieved 95% significance

95% Confidence
0.41
0.31

1.00
1.58

0.35
0.97
1.44
0.55
0.99
0.98
0.69
0.04
1.00
0.96
0.94
0.89
0.77
0.02

5.33
12.52
13.32
0.76
1.00
1.03
1.90
12.48
1.00
1.03
1.03
1.12
1.02
752078.2

These results show that at least part of the difference in PA level between active and inactive
commuters is due to the active commute to school. Second, these results show that, within the
group of children living within walking distance to school, physically active children are not
necessarily more likely to actively travel to school, suggesting that the difference in PA level
between active and inactive commuters is not due to self-selection.

4.3 Commute Duration and Active Travellers’ PA Level and
Overweight Status
This section presents the findings on the impact of active commute duration on PA level and
bodyweight status. The results of bivariate statistical tests are first presented in subsection 4.3.1.
These results will justify the regression analyses presented subsequently in section 4.3.2. This
section uses the subsample of participants which commuted actively to school (n = 199).
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This section aims to add to the limited existing literature on the subject by answering the two
secondary research questions:
3. How is duration of the active commute to school associated with children’s PA level?
4. How is duration of the active commute to school associated with children’s bodyweight
status?

4.3.1

Bivariate Tests: Active Commuters

In this section, bivariate statistical tests are presented that examine the association of independent
variables of interest with the three primary variables of interest in this thesis: overweight status,
PA level and commute time, respectively.
Table 12 shows the results of t-tests, chi square tests and Wilcoxon rank-sum tests comparing
independent variables of interest by overweight category in the active commute group. The
median rank of commute time, the primary independent variable of interest in this section, is
found to be not significantly different between overweight/non-overweight categories.
Indeed, there are only two bivariate tests yielding significant differences by overweight status in
the active travel group. The first is overall PA level, with overweight and obese children having
lower PA scores than non-overweight children. The second significant difference found was
minutes spent in MVPA, with overweight and obese children spending fewer minutes at this
intensity level. Both of these relationships occur in the expected direction; overweight and obese
children are getting far less overall PA and moderate to vigorous PA.
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Table 12 - Results of Chi Square Tests, T-tests and Wilcoxon Rank Sum Tests, by
Overweight Status (Active Subsample)
Test Type
Chi
Square

T-Test

Wilcoxon
Rank-Sum

Variable
Gender
Income
Ethnicity
Urbanicity
Age
PA level
Mod /Vigorous PA
Sleep duration
Street connectivity
Sedentary activity
Land use mix
Neighbourhood income
Commute Time
Empty calories
HRQOL
Neighbourhood population density
Park opportunities
Food opportunities (home)
Food opportunties (school)

Test result
Chi2 (199, 1) = 1.117
Chi2 (199, 3) = 2.271
Chi2 (199, 6) = 4.595
Chi2 (199, 2) = 0.511
t = 2.1091
t = 3.9848
t = 3.2131
t = 0.7810
t = -0.5443
z = -1.566
z = -0.643
z = 1.336
z = -0.815
z = 1.231
z = 0.898
z = -1.129
z = -1.634
z = -1.004
z = -0.506

Sig
0.291
0.518
0.597
0.774
*0.0362
*< 0.001
*0.0015
0.436
0.587
0.117
0.520
0.181
0.415
0.218
0.369
0.259
0.102
0.315
0.613

Table 13 shows the results of one-way ANOVA and Spearman correlation tests comparing how
independent variables of interest differ by overall PA level in the active commute group. In the
Spearman correlation test, commute time is shown to be significantly different within the active
commuter sample, such that children with longer active commutes get more overall PA.
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Table 13 - Results of Oneway ANOVA, Spearman Correlation Tests, by Physical Activity
Level (Active Subsample)
One-way ANOVA (Categorical variables)
Variable
Income
Ethnicity
Urbanicity
Spearman correlation
Variable
Age
Commute time
HRQOL
Sleep time
Land use mix
NBHD income
NBHD density
Park opportunities
Street connectivity
Food opportunities (home)
Food opportunities (school)

F

Sig

1.37
0.53
2.02

0.2547
0.7819
0.1356

Spearman’s
Rho
-0.1330
0.1959
0.1386
0.1444
0.0357
-0.0009
-0.0206
0.0326
-0.0781
-0.0194
-0.0575

Sig
0.0611
*0.0055
0.0509
*0.0418
0.6163
0.9897
0.7727
0.6472
0.2730
0.7858
0.4199

The only other bivariate tests showing significant differences in overall PA level in the active
commuter group is by average sleep duration. Children reporting more sleep are also getting
significantly more PA. These findings are consistent with other literature (Taheri, 2006). No
other variables differ significantly according to PA level amongst active commuters, in particular
the built environment variables, which are often cited as important mediators of PA in children
(Ewing et al, 2003; Huston et al, 2003; Frank et al, 2004; Gordon-Larsen et al, 2000). This
suggests that, beyond influencing the choice of being active or inactive in the commute to
school, the built environment appears to have no further (significant) influence on the level of
PA of children.
It is possible that independent variables co-vary significantly with commute time. Built
environment variables in particular are expected to significantly co-vary. To avoid issues of
multi-collinearity (Leahy, 2000), Table 14 shows correlation tests between the independent
variable of interest (Commute time) and other independent variables known to significantly
predict PA level. Variables co-varying at a rate of 0.8 or higher will be removed from the
regression model as estimates for individual predictors become unreliable past this point.
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Commute time is unrelated to all demographic variables, except age. Given the low number of 9
year olds in this subsample, they are combined into the 10 year old group for regression
purposes. For the same reason (insufficient sample size within each category), ethnicity are
simplified to non-Minority (i.e. White) and Minority/Unknown (other categories).
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Table 14 - Results of Kruskall-Wallis ANOVA Tests and Spearman Correlation Tests, by
Commute Time (Active Subsample)
Kruskal-wallis equality of populations rank test (Categorical variables)
Variable
Obs
DF
H
Sig
Gender
110
Female
1
2.593
0.1073
89
Male
Income
45
Bottom 1/3
45
Middle 1/3
3
1.313
0.7261
31
Top 1/3
78
Unknown
Ethnicity
129
White
16
Asian
6
Middle Eastern
11
6
10.762
0.0960
Hispanic
5
Black
2
Aboriginal
30
Mixed/Unknown
Urbanicity
143
Large centers
53
2
2.655
0.2651
Medium/Small centers
3
Rural
Spearman correlation test (Continuous variables)
Variable
Obs
Rho
Sig
-0.1070
0.1326
Age
0.2270
Moderate to vigorous PA
*0.0013
-0.1375
0.0528
Sedentary activity
0.0786
0.2696
Empty calories score
-0.0548
0.4418
HRQOL score
-0.0452
0.5261
Sleep duration
199
-0.0159
0.8240
Land use mix
-0.1171
0.0996
Neighbourhood income
0.0637
0.3716
Neighbourhood pop density
0.0208
0.7703
Street connectivity
-0.0002
0.9980
Park opportunities
-0.0136
0.8488
Food opportunities (home)
0.0222
0.7561
Food opportunities (school)

Commute time is unrelated to all of the built environment variables. These results contradict the
tendency in literature to conflate sprawl and commute time (Cervero and Gorham, 1995;
Holtzclaw, 1994; Levinson and Wu 2005). Nevertheless, built environment features are included
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in the regression to control for environmental influences found to be significant in other
literature. None of the built environment variables covary at a rho value of 0.8 or more, making
them all eligible for inclusion in regression models.
Finally, commute time is significantly related to number of minutes spent in moderate to
vigorous PA. Commute time is not related to sedentary activity. Since commute time was found
to have no impact on overweight status in active travellers, no binary logistic regression
examining that outcome is pursued in the next section. However, section 4.3.2 presents a
description of the results of a linear regression model examining the effect of commute time on
PA level.

4.3.2

Regression Analysis: Active Commute Duration and Physical
Activity Level

Table 15 presents the results of the linear regression analysis predicting overall physical activity
level in the active commuter subsample. It is found that, after controlling for other factors known
to influence PA in children, duration of active commute continues to significantly predict higher
overall PA level. A one minute increase in commute time generates a 3.37 increase in average
counts per minute (CPM). Other significant predictors include overweight status, gender and age,
with non-overweight children, boys and younger children achieving higher overall PA levels.
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Table 15 - Linear Regression Testing the Impact of Active Commute Duration on Average
Physical Activity Level
Model Characteristics
Observations
Degrees of freedom
Adjusted r2

Variable

199
18
0.1521

Coef

-19.340
Age
61.976
Gender
Income (base = Lowest tier)
9.093
Middle tier
Highest tier 35.361
Unknown 20.689
Ethnicity (base = non-minority)
Minority -9.418
Mix/Unknown 20.011
3.374
Commute time (mins)
-77.654
Overweight status
1.088
HRQOL score
10.770
Sleep duration
35.129
Land use mix
0.011
Neighbourhood pop density
0.289
Neighbourhood income
-2.865
Food opportunities (school)
2.672
Food opportunities (home)
-0.404
Street connectivity
365.01
Park opportunities
2
325.22
_constant

Std Er

Beta

T

Sig

11.337
17.248

-0.12
0.24

-1.71
3.59

0.090
< 0.001

-41.71
27.94

3.03
96.01

25.643
29.353
22.445

0.03
0.10
0.08

0.35
1.20
0.92

0.723
0.230
0.358

-41.51
-22.56
-23.60

59.69
93.28
64.98

22.968
24.346
1.425
19.654
0.603
11.178
66.557
0.013
0.647
2.834
2.886
0.841
228.542

-0.03
0.06
0.16
-0.27
0.12
0.06
0.04
0.07
0.04
0.08
-0.08
-0.04
0.12

-0.41
0.82
2.37
-3.95
1.81
0.96
0.53
0.85
0.45
-1.01
0.93
-0.48
1.60

0.682
0.412
0.019
< 0.001
0.073
0.337
0.598
0.394
0.655
0.313
0.356
0.631
0.112

-54.74
-28.03
0.56
-116.44
-0.40
-11.29
-96.20
-0.01
-0.99
-8.46
-3.02
-2.06
-85.95

35.90
68.05
6.18
-38.87
2.28
32.83
166.46
0.04
1.57
2.73
8.37
1.25
815.98

0.11

-74.58

725.02

202.61
-1.61
bold = achieved 95% significance

95% Confidence

To see whether this increase in PA level occurs during the commute or is an overall increase in
activity, Table 16 summarizes a model with the same predictors but with an outcome that
includes only non-travel related PA. Commute time does not significantly predict a change in PA
level outside of the commute to school. In other words, children commuting actively to school
have greater PA levels as their commute duration increase, without influencing PA levels at
other parts of the day.
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Table 16 – Linear Regression Testing the Effect of Active Commute Duration on NonTravel Related Physical Activity Level
Model Characteristics
Observations
Degrees of freedom
Adjusted r2

Variable

199
18
0.1335

Coef

-20.131
Age
59.279
Gender
Income (base = Lowest tier)
Middle tier 10.482
Highest tier 37.579
Unknown 22.174
Ethnicity (base = non-minority)
Minority -17.573
Mix/Unknown 19.204
1.763
Commute time (mins)
-72.855
Overweight status
1.225
HRQOL score
12.759
Sleep duration
7.425
Land use mix
0.005
Neighbourhood pop density
0.499
Neighbourhood income
-1.134
Food opportunities (school)
2.390
Food opportunities (home)
0.011
Street connectivity
303.38
Park opportunities
5
278.38
_constant

Std Er

Beta

T

Sig

11.222
17.073

-0.13
0.24

-1.79
3.47

0.075
0.001

-42.274
25.591

2.013
92.968

25.383
29.055
22.217

0.03
0.11
0.09

0.41
1.29
1.00

0.680
0.198
0.320

-39.604
-19.753
-21.666

60.569
94.912
66.013

22.734
24.099
1.410
19.454
0.597
11.064
65.881
0.013
0.641
2.806
2.857
0.832
226.221

-0.06
0.05
0.09
-0.26
0.14
0.08
0.009
0.03
0.07
-0.03
0.07
0.001
0.10

-0.77
0.80
1.25
-3.74
2.05
1.15
0.11
0.38
0.78
-0.40
0.84
0.01
1.34

0.441
0.427
0.213
< 0.001
0.042
0.250
0.910
0.703
0.437
0.686
0.404
0.990
0.182

-62.433
-28.349
-61.150
-111.243
0.047
-9.073
-122.574
-0.021
-0.765
-3.247
-6.671
-1.631
-143.001

27.287
66.757
272.759
-34.468
2.403
34.592
137.425
0.031
1.763
8.027
4.402
1.653
749.772

0.167

-117.359

674.125

200.55
-1.39
bold = achieved 95% significance

95% Confidence

4.4 Commute Duration and Inactive Travellers’ Physical Activity
Level and Overweight Status
This section presents the findings on the impact of inactive commute duration on PA level and
bodyweight status. The results of bivariate statistical tests are first presented in subsection 4.4.1.
These results will justify the regression analyses presented subsequently in section 4.4.2. This
section uses the subsample of participants which commuted inactively to school (n = 446).
This section answers the two primary research questions of the thesis:
1. How is duration of the inactive commute to school associated with children’s PA level?
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2. How is duration of the inactive commute to school associated with children’s bodyweight
status?

4.4.1

Bivariate Tests: Inactive Commuters

In this section, bivariate statistical tests are presented that examine the association of independent
variables of interest with the three primary variables of interest in this thesis: overweight status,
PA level and commute time, respectively.
As can be seen in Table 17, the median rank of commute time is significantly higher than
expected in the not-overweight category and lower than expected in the overweight category. In
other words, children who commute inactively at longer durations are significantly less likely to
be overweight or obese. This result is reversed from what one might expect based on the
hypotheses listed in section 3.2.
Several other variables that were expected to relate to overweight status were significantly
different, such as health-related quality of life, neighbourhood income, moderate to vigorous PA
and sedentary activity. In the Chi square tests, only income differed significantly by overweight
status.
All of the significant results follow relationships found in previous literature, except for
commute time. Meanwhile, Table 17 shows how the built environment variables and empty
calorie consumption did not vary significantly by overweight status, as might have been expected
based on previous literature.
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Table 17 - Results of Chi Square Tests, T-Tests and Wilcoxon Rank-Sum Tests, by
Overweight Status (Inactive Commuter Subsample)
Test Type
Categorical
(chi2)
T-Test

Wilcoxon
rank-sum

Variable
Gender
Income
Ethnicity
Urbanicity
Maternal education
Age
Mod /Vigorous PA
Sedentary activity
Sleep duration
Commute time
Empty calories
HRQOL
Land use mix
Neighbourhood income
Neighbourhood pop density
Street connectivity
Park opportunities
Food opportunities (home)
Food opportunities (school)

Test result
Chi2 (446, 1) = 1.557
Chi2 (446, 3) = 8.956
Chi2 (446, 6) = 8.919
Chi2 (446, 2) = 3.569
Chi2 (446, 4) = 6.920
t = 1.7605
z = 3.517
z = -3.073
z = 1.943
z = 2.507
z = 0.739
z = 3.505
z = 0.126
z = 2.878
z = -0.826
z = -1.292
z = 0.318
z = -1.214
z = 0.475

Significance
0.212
*0.030
0.178
0.168
0.140
0.079
*< 0.001
*0.0021
0.0520
*0.0122
0.4601
*0.0005
0.8997
*0.0040
0.4086
0.1965
0.7507
0.2249
0.6349

Despite the fact that 25% of this sample commutes at least 1 hour daily, commute time is not
significantly related to overall PA level in inactive commuters (see Table 18). Health-related
quality of life, as expected, significantly co-varies with PA. Likewise, the built environment
variables almost all significantly correlate with PA, except for street connectivity and park
opportunities. These indicators are almost all inversely correlated (except neighbourhood
income), such that (for example) land use mix and neighbourhood population density increases
as PA decreases.
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Table 18 - Results of Kruskal-Wallis Rank Tests and Spearman Correlation Tests, by
Physical Activity Level (Inactive Commuters)
Bivariate tests, by Physical Activity Level (n = 446)
Kruskal-Wallis equality of populations rank test (Categorical variables)
Variable
Obs
DF
H
Chi2
Gender
254
female
1
60.159
*< 0.001
192
male
Income
58
Bottom 1/3
75
Middle 1/3
3
11.962
*0.0075
99
Top 1/3
214
Unknown
Ethnicity
322
White
20
Asian
9
Middle Eastern
23
6
9.781
0.1342
Hispanic
19
Black
4
Aboriginal
49
Mixed/Unknown
Urbanicity
262
Large centers
73
2
6.451
Medium/Small centers
*0.0397
111
Rural
Maternal education level
8
< High school diploma
43
High school diploma
3
7.717
0.1025
232
College/University degree
49
Graduate degree
Spearman correlation
Variable
Spearman’s Rho
Significance
-0.1335
Age
*0.0048
0.0374
0.4312
Sleep time
0.0244
0.6075
Commute time
0.2380
HRQOL
*< 0.001
-0.1492
Land use mix
*0.0016
0.2040
Neighbourhood income
*< 0.001
-0.1096
Neighbourhood pop density
*0.0207
-0.0786
0.0974
Street connectivity
-0.0833
0.0788
Park opportunities
-0.1499
Food opportunities (home)
*0.0015
-0.2559
Food opportunities (school)
*< 0.001
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It is possible that variables which co-vary with commute time may account for the counterintuitive results reported in Table 17 and the lack of association seen in Table 18. For this reason,
Table 19 shows correlation tests between the independent variable of interest (Commute time)
and other independent variables known to significantly predict overweight status. These
variables are all included in subsequent regression analysis unless correlation between intended
independent variables reaches a value 0.8 or higher, at which point regression estimates for each
predictor become unreliable due to issues of multi-collinearity (Leahy, 2000). Given that
commute duration is often used as a proxy of urban sprawl, it is expected that built environment
variables which are often used to measure sprawl such as land use mix, neighbourhood
population density and street connectivity should significantly co-vary with commute time.
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Table 19 - Results of Kruskall-Wallis ANOVA Tests and Spearman Correlation Tests, by
Commute Time (Inactive Subsample)
Bivariate tests, by Commute Time (n = 446)
Kruskal-Wallis equality of populations rank test (Categorical variables)
Variable
Obs
DF
H
Chi2
Gender
254
female
1
0.772
0.3797
192
male
Income
58
Bottom 1/3
75
Middle 1/3
3
2.278
0.5167
99
Top 1/3
214
Unknown
Ethnicity
322
White
20
Asian
9
Middle Eastern
23
6
2.282
0.8921
Hispanic
19
Black
4
Aboriginal
49
Mixed/Unknown
Urbanicity
262
Large centers
73
2
25.579
*< 0.001
Medium/Small centers
111
Rural
Maternal education level
8
< High school diploma
43
High school diploma
232
4
15.492
*0.0038
College/University degree
49
Graduate degree
114
Unknown/prefer not to say
Spearman correlation test (Continuous variables)
Variable
Obs
Rho
Significance
0.0137
0.7737
Age
0.0069
0.8845
Moderate to vigorous PA
-0.0078
0.8700
Sedentary activity
0.0296
0.5328
Non-travel time average PA
-0.0959
Empty calories score
*0.0429
-0.0204
0.6670
HRQOL score
-0.1085
Sleep duration
*0.0219
466
-0.1782
Land use mix
*0.0002
0.1403
Neighbourhood income
*0.0030
-0.1735
Neighbourhood pop density
*0.0002
-0.1744
Street connectivity
*0.0002
-0.1363
Park opportunities
*0.0039
-0.1645
Food opportunities (home)
*0.0005
0.0211
0.6567
Food opportunities (school)
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As shown in Table 19, commute time is unrelated to all demographic variables, as well as time
spent in moderate to vigorous PA or time spent sedentary. Other variables that co-vary
significantly with commute time were expected, such as level of urbanicity and almost all of the
built environment variables. None of the correlation coefficients are so high as to suggest a
potential issue of multicollinearity, making it possible (indeed, recommended) to include these
variables in a regression model (Leahy, 2000).
Commute time is significantly correlated with built environment variables, but at a surprisingly
low level, with rho values of less than 0.2. These findings strengthen the case for including both
commute duration and built environment variables in a regression model to account for the
portion of the effect of commute duration on the health outcomes of interest that is attributable to
sprawl. None of the built environment variables covary at a rho value of 0.8 or more, making
them all eligible for inclusion in regression models.
Two other individual-level variables co-vary significantly with commute time: sleep duration
and the empty calories food score. As commute distance increases, sleep and consumption of
“junk” foods both decrease. Sleep and poor diet are both associated to obesity (Chen et al, 2008;
Patel & Hu, 2008; Kant, 2000; Langlois et al, 2009). The rho statistic for both of these variables
makes it possible to include them into the binary logistic regression analysis.
Children commuting longer distances who get less sleep should experience higher rates of
overweight/obesity. This has already been shown to not be the case in Table 17. In other words,
the difference in overweight status is not explained by differences in sleep duration. Indeed, the
differences occur in spite of the differences in sleep duration. Children who commute longer and
also eat less junk food should experience lower rates of overweight/obesity. This has already
been shown to not be the case in Table 17. Nevertheless, it is possible that sleep duration and/or
food consumption differences that occur by commute time may help explain the unexpected
relationship reported. Commute time may reflect differences in food consumption or sleep
patterns.
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Table 20 summarizes results of Wilxocon Rank-Sum tests demonstrating difference in home
food rules by inactive commute duration. As can be seen, there is no significant difference in
home food rule environments as inactive commute duration increases. Therefore, any difference
in home food consumption patterns that co-varies with occurs despite rules about food
consumption.

Table 20 – Wilcoxon Rank-Sum Test, Examining the Relationship between Inactive
Commute Time and Family Food Rules (Derived from the Youth Survey)
Food-Related Rule
No dessert unless
dinner finished
No TV while eating
No fast food
Have family dinner

4.4.2

Result (z =)

Significance

-1.125

0.2607

-0.645
0.503
-0.977

0.5189
0.6149
0.3287

Regression Analysis: Inactive Commute Duration and Overweight
Status

This section presents the results of the binary logistic regression analysis predicting overweight
status in the inactive subsample (n = 446). Four models predicting overweight status are built in
succession, with categories of controls added in progressively. This allows for seeing how the
association of commute time with overweight status is impacted with each new category of
controls.
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Table 21 - Binary Logistic Regressions Testing Effect of Inactive Commute Duration on
Overweight Status, Versions A-D
Model Characteristics: Version A (Demographic Variables only)
Observations
446
Degrees of freedom
10
Adjusted r2
0.0452

Variable

OR

Std Er

Z

0.756
0.103
-2.05
Age
1.233
0.276
0.94
Gender
Income (base = Lowest tier)
0.665
0.278
-0.98
Middle tier
0.614
0.245
-1.22
Highest tier
1.283
0.426
0.75
Unknown
Ethnicity (base = non-minority)
1.407
0.423
1.14
Minority
1.234
0.429
0.61
Mix/Unknown
Urbanicity (base = Large center)
1.701
0.504
1.79
Med/Small centers
1.377
0.397
1.11
Rural
0.984
0.007
-2.08
Commute time
8.235
12.666
1.37
_constant
bold = achieved 95% significance

Sig

95% Confidence

0.040
0.349

0.578
0.796

0.988
1.911

0.329
0.222
0.452

0.293
0.281
0.670

1.508
1.342
2.460

0.256
0.545

0.780
0.624

2.536
2.441

0.073
0.268
0.037
0.170

0.951
0.782
0.970
0.404

3.042
2.424
0.999
167.823

Model Characteristics: Version B (Demographic Variables + other individual level variables)
Observations
446
Degrees of freedom
15
Adjusted r2
0.1210

Variable

OR

Std Er

Z

0.615
0.092
-3.23
Age
1.761
0.464
2.15
Gender
Income (base = Lowest tier)
0.617
0.272
-1.09
Middle tier
0.647
0.275
-1.02
Highest tier
1.195
0.423
0.50
Unknown
Ethnicity (base = non-minority)
1.203
0.389
0.57
Minority
1.025
0.375
0.07
Mix/Unknown
Urbanicity (base = Large center)
1.750
0.557
1.76
Med/Small centers
1.573
0.479
1.49
Rural
0.981
0.008
-2.38
Commute time
0.983
0.005
-3.15
Mod to vigorous PA
1.001
0.002
0.96
Sedentary activity
0.959
0.027
-1.47
Empty calories score
0.975
0.009
-2.62
HRQOL score
0.634
0.097
-2.96
Sleep duration
81078
241240
3.80
_constant
bold = achieved 95% significance

Sig

95% Confidence

0.001
0.032

0.457
1.051

0.826
2.952

0.274
0.307
0.615

0.260
0.281
0.597

1.465
1.490
2.393

0.568
0.946

0.638
0.501

2.266
2.099

0.079
0.137
0.017
0.002
0.335
0.142
0.009
0.003
< 0.001

0.938
0.865
0.965
0.972
0.998
0.907
0.957
0.469
237.8

3.267
2.859
0.996
0.993
1.005
1.014
0.994
0.857
2.76e +07
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Model Characteristics: Version C (Individual level + LUmix and NHBD pop density)
Observations
446
Degrees of freedom
17
Adjusted r2
0.1309

Variable

OR

Std Er

Z

Sig

0.611
0.092
-3.25
Age
0.001
1.775
0.471
2.16
Gender
0.031
Income (base = Lowest tier)
0.627
0.280
-1.05
0.296
Middle tier
0.679
0.293
-0.90
0.370
Highest tier
1.265
0.452
0.66
0.510
Unknown
Ethnicity (base = non-minority)
1.106
0.365
0.30
0.761
Minority
1.065
0.394
0.17
0.864
Mix/Unknown
Urbanicity (base = Large center)
2.266
0.808
2.29
Med/Small centers
0.022
1.706
0.923
0.99
0.323
Rural
0.979
0.008
-2.54
Commute time
0.011
0.982
0.005
-3.24
Mod to Vigorous PA
0.001
1.002
0.002
1.03
0.303
Sedentary activity
0.962
0.027
-1.36
0.172
Empty calories score
0.973
0.009
-2.78
HRQOL score
0.005
0.649
0.100
-2.81
Sleep duration
0.005
0.316
0.265
-1.37
0.170
Land use mix
1.0003
0.0002
1.72
0.085
Neighbourhood
population density
74126
225104
3.69
_constant
< 0.001
bold = achieved 95% significance

95% Confidence
0.455
1.055

0.822
2.985

0.262
0.291
0.628

1.503
1.582
2.550

0.579
0.516

2.111
2.200

1.127
0.591
0.963
0.971
0.998
0.910
0.955
0.479
0.061
1.000

4.557
4.927
0.995
0.993
1.005
1.017
0.922
0.878
1.635
1.000

192.8

2.85e+07
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Model Characteristics: Version D (Individual level + All built environment variables)
Observations
446
Degrees of freedom
22
Adjusted r2
0.1480

Variable

OR

Std Er

Z

Sig

0.645
0.100
-2.82
Age
0.005
1.907
0.518
2.37
Gender
0.018
Income (base = Lowest tier)
0.709
0.320
-0.76
0.447
Middle tier
0.783
0.351
-0.55
0.585
Highest tier
1.434
0.524
0.99
0.324
Unknown
Ethnicity (base = non-minority)
1.057
0.354
0.16
0.869
Minority
0.965
0.365
-0.09
0.926
Mix/Unknown
Urbanicity (base = Large center)
2.014
0.761
1.85
0.064
Med/Small centers
2.095
1.324
1.17
0.242
Rural
0.979
0.008
-2.47
Commute time
0.014
0.981
0.005
-3.3.3
Mod to vigorous PA
0.001
1.001
0.002
0.81
0.42
Sedentary activity
0.955
0.028
-1.59
0.112
Empty calories score
0.973
0.010
-2.70
HRQOL score
0.007
0.663
0.103
-2.63
Sleep duration
0.008
0.329
0.292
-1.25
0.210
Land use mix
1.000
0.0002
1.01
0.314
Neighbourhood
population density
0.987
0.007
-1.73
0.083
Neighbourhood income
7.341
13.289
1.10
0.161
Park opportunities
1.019
0.014
1.40
0.161
Street connectivity
0.906
0.045
-1.98
Food opportunities
0.048
(home)
0.978
0.032
-0.69
0.493
Food opportunities
(school)
86355
269954
3.64
_constant
< 0.001
bold = achieved 95% significance

95% Confidence
0.476
1.119

0.875
3.248

0.293
0.325
0.700

1.718
1.885
2.937

0.548
0.459

2.039
2.028

0.961
0.607
0.963
0.970
0.998
0.902
0.955
0.488
0.058
1.000

4.223
7.228
0.996
0.992
1.005
1.011
0.993
0.900
1.872
1.001

0.973
0.992
0.992
0.822

1.002
1.047
1.047
0.999

0.918

1.042

188.5

3.96e+07

In all four variants of regression summarized in Table 21, commute time significantly predicts
overweight status at the 95% significance level. According to model D, every one minute
increase in inactive commute duration decreases the odds of being overweight or obese by a
factor of 0.979. As in the bivariate statistical tests, the relationship is reversed from what was
predicted in the hypotheses: As commute time increases, likelihood of being overweight or obese
decreases.
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Table 22 shows the predicted probability of being overweight or obese at several inactive
commute duration categories, holding all other variables in model D at their means. Being in the
shortest inactive commute duration category (Zero to 15 minutes) compared to the longest
inactive commute duration category (60 minutes per trip and above) corresponds to a 19.1%
difference in probability of being overweight or obese.

Table 22 - Predicted Probabilities of Being Overweight or Obese, by Inactive Commute
Duration Category (and Holding Model D Confounders Constant)
Commute Category

Probability
(Margin)

Zero to 15 minutes
16 to 30 minutes
31 to 45 minutes
46 to 60 minutes
61 to 75 minutes
75 minutes and over

0.342
0.286
0.234
0.189
0.151

Std Er

Z

Sig

95% Confidence

0.037
9.14
0.269
< 0.001
0.021
13.63
0.244
< 0.001
0.023
10.35
0.190
< 0.001
0.033
5.78
0.125
< 0.001
0.041
3.69
0.071
< 0.001
Insufficient sample size to be reliable
bold = achieved 95% significance

0.416
0.327
0.279
0.254
0.231

Other significant variables summarized in Table 21 include age and gender, time spent doing
moderate to vigorous PA, health-related quality of life, sleep duration and convenience food
opportunities around the home.
The results of this section allow us to conclude that there exists a difference in propensity for
being overweight or obese as inactive commute duration increases, such that longer distance
commuters are less likely to be overweight or obese. There is no significant difference in PA
level. There is a significant difference in convenience food environments around participants’
homes, such that longer distance inactive commuters have fewer convenience food opportunities
(see Table 19); however in Table 21, having greater convenience food opportunities around the
home is shown to significantly predict lower odds of being overweight or obese.
Chapter 5 will discuss the results in sections 4.1 through 4.4 in greater detail. Where appropriate,
this section will link results back to hypotheses made in section 3.2 as well as existing literature,
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and attempt to reconcile results that did not confirm hypotheses or conflicted with existing
literature.
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Chapter 5

5

Discussion and Conclusions

In this chapter, results from the three analyses are discussed in greater detail. Section 5.1
focusses on results about the effect of mode of commute on PA. Results of the second and third
analyses, on the impact of duration of commute on PA and bodyweight status, are discussed in
section 5.2. Following this, contributions to existing literature, policy implications, and study
limitations and future directions are presented.

5.1 Impact of Mode
As seen in section 4.1.2, mode of commute was not significantly related to overweight status in
this sample. Given the clear difference in PA level, diet must compensate elsewhere in some way
to account for the lack of difference in bodyweight status. The Wilcoxon rank-sum test in Table
7 confirmed a significant difference in convenience food opportunities around the home between
active and inactive commuters, with active commuters having access to more convenience food
outlets. It may be that active commuters are making more use of these convenience food outlets
than do inactive commuters. Indeed, active commuters are said to have greater knowledge of
their neighbourhood and greater autonomy to experience it (Fotel & Thomsen, 2004; Fyhri &
Hjorthol, 2009; Risotto & Tonucci, 2002), providing more opportunities for potential increased
use.
In section 4.2.2, active commuters as a group were demonstrated to experience greater amounts
of PA than inactive commuters. In fact, walking, biking or skateboarding to school produces an
estimated increase of 49.5 average count per minute over the study period (representing 14.3% of
the average CPM of the sample). This finding is in keeping with the substantial existing literature
which links active travel with increased PA (Rosenberg et al, 2006; Davison et al, 2008; TudorLocke et al 2001; Ogilvie et al 2007; Sirard et al 2005; Alexander et al, 2005; Cooper et al, 2003;
Cooper et al, 2005; Fulton et al, 2005; Saksvig et al, 2007; Lubans et al, 2011; Cooper et al,
2010; Faulkner et al, 2009).
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This additional PA is not solely accounted for by the active commute. Active travellers are more
active than inactive commuters throughout the day, except during school hours. This finding
again parallels what has been found in other studies such as Cooper et al (2003), leading some to
speculate that perhaps the association between mode of travel and PA level is due to selfselection. Children who are more physically active may also be more likely to walk or bike to
school, where it is possible to do so.
To test this assumption, the final model in section 4.2.2 (Table 11) demonstrates for the
subsample of children living within walking distance to school (1.6km), that more physically
active children are not significantly more likely to actively commute, even after accounting for a
variety of built environment variables known to influence the propensity to walk. This suggests
that self-selection may not be at issue in this sample.
These findings are a validation of the work by health promoters to try and increase active travel
to school. Nevertheless, commute distance continues to be the most significant barrier to active
travel to school. This is demonstrated clearly in Table 11, which shows commute time (which is
derived in part from distance) to be the sole significant (non-demographic) predictor of mode of
travel to school. As has been expressed in the introduction to this thesis, relatively high distances
to school are a permanent aspect of life in areas with lower population densities, and this is not
likely to change as rural populations remain relatively stable in Canada (Statistics Canada,
2013b). The following sections will discuss the effect of commute duration on health, which is of
primary interest for this thesis.

5.2 Impact of Duration
5.2.1

Duration of the Active Commute

Research Question #3: How is duration of the active commute to school associated with
children’s PA level?
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Amongst active travellers, commute duration significantly predicted increased PA level. For
every additional minute of commute, the model predicts an increase in average count per minute
of 3.374. This may seem trivial, given that one needs a minimum of 100 CPM to reach light PA
intensity for any given minute. However, this measure is not a minute-by-minute measure of
intensity, but rather an average of every valid minute of every valid day in a child’s study
session, including all sedentary periods. Therefore, an increase of average CPM of 3.374 for
every extra minute of active commute is substantive. If the active commute is of average
duration (approximately 9 minutes), this would correspond to a predicted increase of
approximately 30 CPM compared to children actively commuting for less than one minute. The
longest commutes gain a predicted increase in average CPM of 100 points. For children who are
otherwise sedentary, it is clear that this is a very important increase in overall PA level.
In section 4.3.2, it was shown that active commute duration does not significantly predict nontravel related PA level. In other words, the increase in PA experienced occurs primarily during
travel time. While it is logical that children commuting longer should get more PA as a result, it
is interesting that this increase does not correlate with increased PA in the rest of the week. This
highlights the importance of PA being integrated into the daily routine. Children who differ from
one another in temperament, interests, resources and environment can all benefit from active
behaviours that are incorporated into daily life. It may be the only opportunity to compel children
who otherwise may tend towards sedentary activities to engage in PA.
The built environment variables examined in this thesis did not significantly predict mode of
travel (see Table 15), but commute time did. While recognizing that some other environmental
factors not measured in this study are known to impact the choice to commute actively to school
in the literature, such as parental perceptions of safety (Carver et al 2010; Willis et al 2004), this
study highlights the importance of commute duration. It not only helps determine whether a child
commutes actively, but also helps maximize the PA benefits gleaned from it.
Children do not seem to mind the idea of travelling actively, even at relatively great distances. In
this sample, over 20% of the children living outside of the 1.6 km school zone believe they live
“within walking distance” of their school, and of this 20%, almost 2/3 would prefer to commute
actively to school. This follows the overall tendency of children to prefer active modes of travel
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to school. Children living within 1.6km, for instance, overwhelmingly prefer to walk, bike or
skateboard to school (over 80% in this sample).
In other words, provided safe routes can be provided and parent perception of safety adequately
addressed, children would and could commute more actively to school beyond the established
minimum distance for busing. This follows Nelson (2008), who found that distances of up to 2.5
miles (~4 km) are considered well within walking distance for adolescent walkers and cyclists.
That distance is likely too far for the age group under study in this thesis; nevertheless the point
remains that the existing 1.6 km distance might be too short for some children, and is worth reexamining.

Research Question #4: How is duration of the active commute to school associated with
children’s bodyweight status?
Despite the impact of commute duration on the PA level of active travellers, their overweight
status was not significantly predicted by commute duration. It may be that active travellers
spending more time commuting have greater opportunities to consume convenience foods on the
journey to or from school. However, given the lack of difference in home and school food
environments between long and short distance commuters (see Table 14), this is unlikely to be a
relevant factor. It is more likely that the difference in PA level, though significant on its own,
does not translate to enough difference in energy expenditure to influence BMI. Given the
relatively short duration of most active commutes to school and the fact that non-travel PA does
not differ by commute duration, this is a reasonable assumption.

5.2.2

Duration of the Inactive Commute

Research Question #1: How is duration of the inactive commute to school associated with
children’s PA level?
Within the inactive subsample, commute duration did not have a significant effect on average PA
level. This was somewhat surprising given that 25% of the children within this subsample are

84

experiencing daily commutes of 1 hour or more. The time poverty and sedentary behaviour
hypotheses described in section 2.4.3 would predict that increased inactive commute duration
should increase sedentary time (via the fixed commute duration) and decrease the available
leisure time for PA. It appears, however, that extra sedentary time spent on a bus or in a car is
simply being replaced by sedentary activity outside of a car or bus when commutes are shorter
(as can be seen in Table 19 in section 4.3.2). Commute duration does not significantly co-vary
with time spent sedentary or in moderate to vigorous PA.
Alternately, differences in PA due to commute duration might have been compensated for by
other factors common to children commuting long distances. For instance, longer commute
duration is significantly correlated with higher neighbourhood incomes, and inversely correlated
with neighbourhood population density and land use mix (see Table 23). These environmental
elements have been shown in some studies to correlate with increased levels of PA (Seliske et al,
2012; Mecredy et al, 2011; Slater et al, 2010). A difference in travel-time PA might be masked
by additional PA undertaken once home. However, that is not the case in this sample, as there is
no significant correlation between inactive commute duration and non-travel PA (see table 19).
We must conclude that there is no difference in PA between longer and shorter distance inactive
commuters.

Research Question #2: How is duration of the inactive commute to school associated with
children’s bodyweight status?
Despite the lack of a statistically significant relationship between inactive commute duration and
PA level, inactive commute duration does significantly predict overweight status. The
relationship is opposite from what was expected, such that longer commutes predicted lower
likelihood of being obese or overweight. This counterintuitive result cannot be explained by
greater energy expenditure, as level of PA has already been shown to not vary by commute
duration, and both sedentary activity and MVPA are controlled for in model B through D in
Table 21.
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In theory, it should also not be explained by differences in the local food environment, as both
the school and home neighbourhood food environments are controlled for in the model. It is
possible, however, that the convenience food opportunities variables used here are not good
representations of the actual local food environments available to children for a few reasons.
First, these variables only included sellers of “convenience foods”, such as fast food outlets and
variety stores. Grocery stores are not included, nor are mobile sources such as food trucks.
Second, and more importantly, the chosen measures of convenience food environments around
the school and home only provide the density of opportunities to access food. They do not
measure exposure to these opportunities, or the use of these opportunities. Even if the children in
this sample have similar numbers of food outlets available to them in their local environments,
children commuting shorter distances to home may have more freedom, time, and/or desire to
make use of them. Unfortunately, exposure and use of food opportunities are not available for
this study, and thus impossible to control for in the models.
Another plausible explanation is there may be a difference in available food and/or dietary
behaviours expected in the home. The empty calories score, intended as a proxy for diet quality,
correlated significantly with commute duration (see Table 19), such that children commuting
longer tended to have better diet quality (i.e. lower empty calories scores). Although this
measure was no longer found to be significant in the final regression model in Table 21, it may
be that food habits and behaviours vary in different commuting situations, accounting for the
unexpected results in this study.
The known correlation between commute time and higher neighbourhood income may reflect a
similar correlation between commute time and parental education (Statistics Canada, 2013a), as
greater parental education is consistently found to predict better childhood dietary behaviours
(Van der Horst et al, 2007). One could hypothesize that if parental education positively correlates
with commute time, then parental education is the true explanation as to why children
commuting longer experience less overweight status (i.e. the relationship between inactive
commute duration and overweight status is spurious). Indeed, in this sample maternal education
level significantly correlates to commute time (see Table 19). However, maternal education does
not correlate with PA level or overweight status (see tables 17 and 18), and including maternal
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education in to binary logistic regression model D fails to account for commute duration’s
unexpected effect on overweight status in the inactive travellers.
It must be remembered that the Empty Calories proxy, while better than no control, only
measures frequency of consumption of junk food, not quantity of calories or overall quantity of
food. A measure that attempted to quantify calories or at least quantity of food might correlate
more strongly with inactive commute duration and perhaps replace commute time as a
significant predictor of overweight status.
Existing alternatives to this proxy in the STEAM data suite include self-reported “family food
rules”, which could be used as indicators of awareness and/or control over children’s food habits.
As can be seen in table 20, however, none of the “family food rules” asked in the youth survey
significantly differ by inactive commute duration, making them unhelpful as an explanation for
the unexpected relationship between inactive commute duration and overweight status.
Unfortunately, the measurement of daily dietary intake is fraught with logistical difficulties
which limit its usefulness in studies on obesity. Self-report methods, such as those used in this
study, have often been found to be inaccurate, with the obese and children particularly prone to
underreporting their intake (Braam et al 1998; Prentice et al 1986; Bratteby et al 1998;
Livingstone et al 1992; Connor et al 2001). It is possible that, were a better measure of actual
food consumption available, the counterintuitive relationship between commute duration and
obesity may not persist. Given that some aspect of energy intake is the likely cause of the
counterintuitive answer to research question #2, future studies will need to tackle this important
problem.
In this study, living in rural areas does not significantly predict overweight status as has been
found in other studies (Mitura & Bollman, 2004; Plotnikoff et al, 2004; Bruner et al, 2008; Liu et
al, 2012). This is likely due to differences in how urbanicity is defined. For instance, studies
comparing urban and rural youth often create dichotomies that combine truly rural areas with
small and even medium population centers (e.g. as in Plotnikoff et al, 2004; Liu et al, 2012; and
Mitura & Bollman, 2004). Since small and medium population centers do, in fact, significantly
predict greater levels of overweight/obesity in model C of this study, a binary that conflates the
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two could have caused the true relationship of rural areas with obesity to be confused (or, in this
case, mislabeled).
Additionally, none of the built environment variables included in this study significantly
predicted overweight status in this subsample. In model D, convenience food opportunities
around the home was a significant predictor of overweight status, but the direction of the
relationship was opposite from what was expected, such that increased convenience food
opportunities around the home predicted lower probability of being overweight or obese. This
goes against existing literature on the subject (He et al, 2012; Leatherdale et al, 2011; Gilliland et
al, 2012). It also means that shorter inactive commute durations significantly predict higher rates
of overweight/obesity in spite of the greater presence of food opportunities around the home
which predicts lower rates of overweight/obesity.
The lack of other significant relationships between built environment variables and obesity also
conflicts with findings in the literature (Papas et al, 2007; Grafova, 2008; Crawford et al, 2008;
Potwarka et al, 2008; Feng et al, 2011), which often links built environment attributes with either
obesity or factors vital to understanding obesity, such as PA. This analysis suggests that, for
inactive commuters at least, the relationship between built environment and obesity does not
exist.

5.3 Results and the Ecological Model of Health
This study used an ecological framework to conceptualize how individual-level behaviours and
outcomes (in this case, physical activity level and bodyweight status) are influenced by factors at
the personal, social and neighbourhood level. This framework sees people as embedded in their
physical and policy environments, and to some extent shaped by them. It presumes therefore that
neighbourhood and social influences will impact health outcomes.
Intrapersonal and behavioural factors were far more important than neighbourhood-level factors
in helping predict outcomes in all parts of this study. As in other literature, age and gender were
found to significantly predict physical activity level, such that boys and younger children were
more active. Physical activity level and overweight status were strongly correlated and good
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predictors of one another, such that overweight children had lower physical activity levels and
vice versa. Finally, children getting less sleep and having lower psychosocial well-being scores
were significantly more likely of being overweight and having lower physical activity levels.
In this study, influences occurring at the neighbourhood level – the “built environment”
variables- were found to be of relative unimportance in helping explain the variability in
children’s physical activity level and/or bodyweight status. In fact, only in the inactive commuter
subsample was this sphere found to impact physical activity level in a significant way, in the
bivariate statistical tests.
This finding makes intuitive sense. Children in the active commuting sample by default live
relatively close to a school, which limits the types of built environments that surround them.
Inactive commuters by contrast have no such limitations to their surroundings, overcoming them
as it were through the act of being driven or bused to school. They come from a much larger
range of built environments than do active commuters, as is clear from Table 6, making the built
environment impact on their physical activity level much easier to detect.
On the other hand, the built environment variables were only significant in the bivariate
statistical tests in the inactive commuter subsample. Once commute duration and other variables
from the intrapersonal, behavioural and interpersonal spheres are factored in, these variables are
no longer significant predictors.
The ecological model suggests that people are shaped by their surroundings. While this is a
truism in geographic research, this model on its own does not help assess the root of an
influence. For instance, though in this study the built environment variables failed to predict
physical activity level and bodyweight status, we cannot know why they fail to predict outcomes.
Perhaps the built environment plays an insignificant role. Alternately, the built environment
could have been self-selected by participants, such that people (or in this case, parents of
participants) choose to live in certain types of environment based on individual and interpersonal
factors such as family income or ethnicity. Once those individual-level factors are included, the
built environment is shown to be only spuriously related to outcomes. Another possibility is that
some variables, in particular the behavioural variables (e.g. psychosocial wellbeing, physical
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activity level, sleep duration) incorporate within them the effect of the built environment. For
example, land use mix is significantly correlated to physical activity level in inactive travellers,
and physical activity level in turn significantly predicts overweight status. This does not mean
that land use mix has no impact on overweight status, only that its impact is indirect and not
measurable using simple regression modelling techniques.
In short, while the ecological model in theory presents an elegant framework to conceptualize
how a health behaviour or outcome is produced, disentangling how the independent predictors
occurring at different levels influence one another is something of a quandary without the use of
testable theories of causation. This study could have benefited from the use of structural equation
modelling (SEM) to help assess influences at different levels (Kline, 2010).

5.4 Contributions to Existing Literature
The primary purpose of this study was to examine the impact of commute duration on PA and
obesity. The impact of mode (active vs. inactive) has been extensively researched elsewhere and
the results of this study only briefly touched upon on this topic. Nevertheless, this study
reiterates the importance of active travel for childhood PA, and the relative unimportance of
active travel for overweight status. It also contributes by demonstrating that, even though active
travellers get more PA throughout their day (not just during their commute), more physically
active children are not more likely to actively commute, suggesting that self-selection is not at
issue.
Active travel duration is not commonly researched explicitly, as was explained in section 2.3.
The few available studies examining its impact on obesity have found significant results,
suggesting active travel duration does affect obesity-related outcomes. This finding was not
replicated here. Three possible explanations for the differing results are outlined below.
1) Differing geography. Three of the four studies cited for this section took place in nonNorth American cities (Kyoto, Kiel and João Pessoa)(Itoi et al, 2012; Landsberg et al,
2008; Silva & Lopes, 2008), which may present cultural differences that make it difficult
to replicate a relationship between commuting and obesity.
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2) Differing types of variable measurement. Some studies used self-reported commute
duration (Silva & Lopes, 2008), while others estimated duration via shortest network path
(Landsberg et al, 2008; Heelan et al, 2005). This study used objective measures of
commute duration derived from GPS data loggers and
3) Smaller range of commute duration. In this study the average active commute duration
was less than 10 minutes, whereas in the cited literature most commute durations tended
to be higher. For instance, in Itoi et al (2012), urban children commuted approximately 40
minutes per day; in Landsberg et al (2008), the active travellers commuted on average 15
minutes per trip; in Silva & Lopes (2008), over 40% commuted over 20 minutes per trip.
It may be that results were not replicated in this study because children in this sample do
not commute far enough for PA benefits to translate to changes in obesity-related
outcomes.
No studies were found that examined how the duration of active travel affects PA level. As
expressed in Chapter 2, it may have been considered too common-sense to include in a study.
Nevertheless, this study found that active commute duration does significantly relate to
children’s PA level, but only during the commute. In other words, longer distance active
commuters do not get more or less PA during the rest of their day.
In the inactive traveller subsample, PA did not differ by commute duration. This is the first such
study considering children; however, studies of adults (Christian, 2012; Lopez-Zetina et al,
2004) have found decreased level of PA. Differing methodologies and definitions of key
variables could have caused the different results. For instance, Christian (2012) used a self-report
time-use diary over a one day period to determine level of PA. Likewise, Lopez-Zetina (2004)
used self-report to determine level of PA and estimated commute time by the number of vehicle
miles traveled on state highways in that participant’s county. In this study, PA was measured
objectively using accelerometers over a minimum of two, 10-hour weekdays. Commute time was
likewise objectively measured using GPS data loggers, selecting the best and most representative
route among several objectively measured routes.
Alternately, it is possible that the difference in results exists due to basic differences between
children and adults. For instance, adult stress related to driving in traffic may cause decreased
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PA. In other words, it is not terribly surprising or controversial that results in this study fail to
corroborate what was found in the adult literature. It remains to be seen in future studies focusing
on children if the lack of relationship persists in other populations.
This thesis has found that inactive commute duration negatively correlates with
overweight/obesity status. While it is likely that this counterintuitive relationship is spurious,
probably caused by an unmeasured difference in diet, this result remains controversial in that it
states that long distance travelling to school does not negatively impact body weight. There is a
surprising lack of research on this topic, and on the impact of busing duration on all health or
well-being outcomes (Thompson, 1982; Fox, 1996; Irwin, 2012, Henderson, 2009). Moreover,
in similar studies focusing on adults, commute duration has consistently been found to positively
correlate with BMI or weight gain (Yang & French, 2013; Hoehner et al, 2012; Lopez-Zetina et
al, 2004; Frank et al, 2004; Zhang et al, 2014; Sugiyama et al, 2013).
As with PA, this thesis used very different definitions and methods of measurement then most
previous studies, particularly in the measurement and definition of commute time. In addition,
the situation of children busing or being driven to school differs significantly from that of adults
commuting to work. It may be that the literature about adults correctly estimates a negative
impact of commute duration on obesity-related outcomes, but that children do not experience the
same issue. Since there is no other study to date on this topic, it remains for future studies to
confirm or refute the relationship found here.
One interesting “by-product” finding of this thesis is the relative lack of influence of the built
environment on either PA or overweight status. In the model examining the impact of mode,
most of the built environment measures failed to significantly influence PA level, despite a
significant amount of literature that suggests the built environment is an important predictor
(McCormack et al, 2004; Humpel et al, 2002; Handy et al, 2002; Saelens et al, 2003; Owen et al,
2004, Jackson, 2003; Jackson and Kochtitzky, 2001; Frumkin, 2002; Zenk et al, 2005a,
Jekanowski, 2001, Alter and Eny, 2005; Morland et al, 2002; Laraia et al, 2004; Wrigley et al,
2003; Rose and Richards, 2004; Haire-Joshu and Nanney, 2002 Gordon-Larsen et al, 2006; He &
al, 2012; Larsen et al, 2012; Gilliland et al, 2012; Morland and Evenson, 2009, Timperio et al,
2008; Fox et al, 2009). Nevertheless, the built environment variables continued to fail to predict
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change in health outcomes (PA level in active commuters, and overweight status in inactive
commuters) even after active and inactive commuters were segregated into subsamples. One
reason potentially explaining the difference in results is that the sample used in this study
includes children living in rural and small population centers, environments typically not
included in other studies.
Nevertheless, the importance of not conflating commute duration with the built environment
cannot be overstated. In this study, it is shown that commute duration, although significantly
correlated with many built environment variables, independently predicts health outcomes. This
is because the built environment is an opportunity matrix, whereas commute time is a behaviour
occurring within an opportunity matrix, subject also to individual and family characteristics, and
perceptions of the environment and school policies. Future studies attempting to specify the
impact of the built environment should use commute time as a control rather than as a proxy.

5.5 Implications for Policy
Busing to school is a highly contentious and emotional issue. Because there is so little research
on the impacts of busing duration on children (Henderson, 2009; Irwin, 2012), acceptable and
age-appropriate bus ride durations are currently unknown, leaving policy open to value
judgements made by stakeholders. Due to a belief that long bus rides have negative impacts on
children, parents generally desire shorter, more local busing options (Irwin, 2012; Ryan, 1976;
Fox, 1996; Ramage & Howley, 2005; CBC, 2012; Spence, 2000; Zars, 1998). School boards and
educational professionals, meanwhile, suppose due to lack of research stating otherwise that
busing duration has little to no impact on a student’s well-being. For this reason they are far
more willing to sacrifice a shorter bus ride in order to provide what they believe is better quality
programming at centralized facilities or in specialized schools (Irwin, 2012).
It is strange that, despite this conflict in values, what research is available on busing to school
focusses almost entirely on its economics and logistics. Educational organizations and
community groups would both benefit greatly from acquiring evidence of the impacts (or lack of
impact) busing duration might have on children’s health and well-being. Although a child’s time,
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for better or worse, is usually not accorded much importance (Witham, 1996; Henderson, 2009;
Irwin, 2012; Spence, 2000), children’s physical, mental and social health is highly valued.
This thesis aimed to begin providing such evidence. Here, it has been found that inactive
commute duration had no impact on overall PA level, and no negative impact on overweight
status. This should come as comfort to parents of children in rural areas, in areas experiencing
consolidation or in specialized schools who might be fearful of the impact of an hour-long bus
ride on their children’s physical well-being. That being said, the impacts of long distance busing
on mental, social, and emotional well-being remain to be examined. In particular, given that the
school bus is a highly social environment (Henderson, 2009), a better understanding of how
additional time spent on a bus influences children’s socialization experience, or outcomes
stemming from it, is warranted.
Thus, the most important policy implication of this study is to highlight the need for more
research about the effects of inactive commute duration on health outcomes. A body of literature
addressing these questions would help inform parents’ opinions on adequate bus ride length, and
aid attempts by school board officials to justify (if necessary) the greater funding needed to
shorten bus rides and/or distribute schools within their jurisdiction in a more optimal manner.
Meanwhile, active travellers were found to benefit from additional PA as commute time
increases. What is more, what children consider an acceptable distance to walk to school is
surprisingly large according to this study’s surveys, compared to the current 1.6 km threshold at
which a child becomes eligible for busing. This is a sign that, provided parent concerns about
safety are addressed, revisiting busing eligibility thresholds is a worthwhile investment for
school boards, in particular for considering the implementation of age-specific school bus service
eligibility thresholds.
Doing so may help increase the number of children actively commuting to school, deriving
significant PA benefits. Just as importantly, existing literature suggests that longer distance
active commutes are necessary to derive PA benefits sufficient to influence bodyweight status.
These longer distance active commutes, if made more likely by increasing busing eligibility
distances, place those newly active commuters at the best chance of lowering their risk for
obesity.
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This study, as in previous literature, reiterates the importance of active travel by showing that
active commuters get significantly more physical activity than inactive commuters. As a result of
these findings, school boards in many districts have implemented programs aiming at
encouraging active travel to school, such as the walking school bus (Heelan et al, 2009).
Increasing busing eligibility thresholds as mentioned above is another such method. Of course,
these methods are only of use for children living relatively close (within 2-3km) to school, and
are thus unhelpful for the longest distance commuters.
For long distance commuters and especially “commuter schools” (that is to say, schools with a
large proportion of students bused over 3 km), programs that implement a blend of
busing/driving and a walking school bus (where a bus drops off children at a location five to ten
minutes’ walk from school) could drastically increase PA in otherwise inactive commuters. For
instance, during the 2013 Park & Walk campaign in the Lethbridge, Alberta area, parents driving
their children to school were urged to parked five to ten minutes away from school, allowing
their child the opportunity to walk (alone or with their parent) to school (AHS, 2013). A similar
program which dropped off bused or driven children at Stop 1 of a Walking School Bus program
would be a convenient way to ensure all children get a minimum of 10 minutes of physical
activity in the morning. Unfortunately, such a program would be difficult to enact without
significant negotiations between school boards, busing companies and parents about assumption
of liability.
Finally, it was shown in this thesis that energy intake, not energy expenditure, is the likely
primary predictor of overweight status in children regardless of commute mode type. Although
PA level varied between active and inactive travellers, as well as between shorter and longer
distance active travellers, at no point did overweight status vary (in a non-spurious manner) by
commute. In inactively commuting children, it became clear that diet, whether in the school or in
the home, likely co-varies with commute duration to make longer distance commuters appear
less likely to be overweight or obese. Further research is necessary to determine if and how
exactly home food environments vary, and how planners and educational officials might use this
knowledge to reduce spatial variation in excessive bodyweights.
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5.6 Challenges, Limitations and Recommendations for Future
Research
Although this thesis fills several gaps in existing literature and improves upon most of the
existing inactive commuting literature by using objective measures (use of GPS data loggers,
accelerometers, researcher-measured height and weight, and GIS), there are some limitations to
the methodology. First and most importantly, this was a cross-sectional study which examined
the impact of commuting on PA level and overweight status at a single point in time. It can be
reasonably assumed that, in reality, children get a variety of commuting experiences while
growing up and these, in concert, could be a better predictor of their propensity to be physically
active and/or their bodyweight status. Bodyweight status, in particular, is the result of long-term
behaviour, which may or may not have remained constant at the time of study. A case-control
study separating children by bodyweight status and/or PA level could more accurately determine
how exposure to certain behaviours (e.g. commute duration) over several years differed.
Second, although this study had excellent measures for PA, bodyweight status and commute
duration, it lacked an accurate measure for calorie consumption. The proxy used in this study,
diet quality, is insufficient to accurately control for energy intake. This made it impossible to
determine decisively whether the counterintuitive result found in section 4.4.2 is spurious. As
was discussed in section 5.2.2, measuring dietary intake is very difficult without resorting to selfreport. And then, self-report can lead to “social desirability” biases in responses (Hebert et al,
1995). Nevertheless, future research using this study design should consider including a detailed
daily food diary.
Finally, the built environment measures used in this study were conceived of and measured as
opportunity structures, objects occurring within 500m of a child’s home (or school). This
availability says nothing about how or if a child makes use of that particular environment. This
issue became apparent when the neighbourhood food opportunities measure failed to explain
inactive commuters’ difference in bodyweight status despite a lack of difference in PA level. It
was impossible to know using the availability of convenience food outlets around the home and
school whether children were directly exposed to these opportunities or used them. In future,
studies should calculate exposure and use of the built environment variables of interest.
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5.7 Conclusion
The purpose of this study was to determine whether inactive commute duration had an impact on
children’s PA level or bodyweight status. No association was found between inactive commute
duration and PA level; however, an inverse association was found between inactive commute
duration and bodyweight status, such that children commuting longer are significantly less likely
to be overweight or obese. This finding is counterintuitive, and could be caused be a spurious
relationship created by an inaccurate diet proxy. Nevertheless, the lack of detrimental association
is an important finding for policy makers, educators, and parents who all have a vested interest in
the impact of busing duration on children’s health.
For children who actively commute to school, a positive association was found between active
commute duration and PA level. Although this difference did not translate into significant
differences in bodyweight status, this result remains significant for policy makers, educators and
parents who all help determine whether a child actively commutes to school and at what distance
active commuting to school becomes unreasonable.
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